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From Eoads—Surfacc-ivaler from roads, parades, and pavemenls is 
collected by Riying a fall or current to the surface, and by forniin<r sur- 
face cliamiels m paring, concrete, asphalte, etc.; tar paving is also 
inucJi used for this purpose in many towns. 

Surface Gutters, Pall of.— Surface gutters should ha\e a fill of 

Indies in 10 feet, or 1 in 80, though the fall is sometimes as little as 
1 in 125. 

Surface of Eoad.-— Tlie surface of a road slionld liave a fall towards 
tlie side chanucis of from 1 in 20 to 1 in 40. 

Drains.— As the water thus collected would at times accumulate into 
a coiisiclerahle stream, besides being liable to get dammed up and over- 
flow the chanuels, if kept on the surface, it passes at intervals through 
giatings into underground drains, which carry ft off to some outlet. 

Distance Apart of Gullies. — The following tabic gives the distance 
apart at uhicli street guliies arc placed m Leeds : — 


TAI5LE 01 


Inclination of Street 

! Diatance Apart of Gullies 

1 in 1,000 

1)0 tards 

1 1 III .>00 

■10 „ 

1 m 400 

•in „ 

1 111 :tou 

d> 

1 in 200 

32i „ 

I ill 10(1 

HO , 

1 in 7> 

.. 

1 in fiO 

25 „ 

1 in 25 

22i 

1 fn 10 

20 „ 


Catch-pits. — As a good deal of sand and dirt is washed off roads and 
open spaces by the surface-water, a catch-pit should be formed imdcr- 
ne-ith the grating, in which the silt may be deposited, and from which 
it cau be readily removed on raising the grating or other cover, which 
should be hiuged for this purpose. 

The following aie the requirements which should be kept in view in 
selecting tlio kind of ratcli-pit, or gully, to be used to suit any system of 

drainage : — , , i i * 

(1.) It should have sufficient area to carry off all tlic water led to 

them. , , , 

(2.) It should not be e.isily choked on the surface by lc.aves or 


other (U'hris. ^ 

(8.) It should bo sufficiently large to retain all saud or 
and prevent it being washed into the drain-pipe. 


road detritus, 
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(4.') The gralinjr shoaM Iv atnplr sin'ii':: to ivsj't aay tlr.t 

niAv come niva it. 



rtia. 

Fit:. 4U*. — Citvh |>U r.'r Sntf«« Watfr. 

(.*>.) It should give the least possible obstruction to tnillio. 

(0.) It slionld be made in such a inauner as to K' readily cleam\l out. 


(7.) The drain from it should 
be e-isily.frwl from any obstruc- 
tion. 

(8.) If uscil in conncclum 
with a sewer, it should W 
trapped, the water seal being 4 
inclics deep, to prevent escape 
of 6ewcr.g;is. 

The catelfpit may be bnilt 
of brickwork in cement 44 or 
9 inches thick, or formed in 
stoneware, and vary in size 
according to the requirements 
of the situation. 

If made of brickwork, it 


SCCTtON A'B 




irAicA *//o»* 


SCCTION CO 



should bo rendered m cement on the inner faces ; a FtoiK'«.irc junction 
pipe set on end will often answer the piiq>o«c. 
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Tlic bottom shoiilr] be formed of concrete or n 2-inch York fl.Tr, 
extending underneath the eides. Prom this catch-pit tiic water is 
carried off hr stoneware drain-pipes, the outlet being from six inelics 
to three feet above the bottooi. 


Separato Syatezcu-^Vndcr this$rstcm, traps for earfaco wafer arc 
not required, and it is onlj ncccssar 7 to collect the silt, leaves, etc., in a 
c.itchpif, so as to prevent them from entering nnd choking the drain. 

The catch-pit in Fi". -ilC h intended to arrest the passage info the 
drain of ieaves and dirt from the roof of a bedding-. 

Tlic Blab of Btone protects the drain from being improperly used by 
slops being poured into it, Kliieh might ho the case if the stone was 
replaced by an iron grating. 

The cover should be enpabk of being readily remowd for the purpose 
of clearing out the nccnmulation in the calch-pif. . 

The catch-pit shown inFi^. >/I7 — ^10 is intended for nsc on a line 
of drain to intorccp; road detritus, etc., during n fa'shot. Sewage 
should never bo allowed to flow through sneh catch-pits. 

jroson’R, or dip trap*, arc sometimes used for surfvice dwlnagc in 
connection with this .^ji'stoni, but arc of no vnltie, ns the tonguo la not 
rcqmred. 




Combined System. — The folloning trap? arc n«eJ as sdt 

colleetor.s on this 
system. 

MaBoa’B, or Pip 
Trops.-~31ftson's, or <ltp 
Imps (Kig. -iSn), are 
sometimes used for this 
purpose, if conncctcii 
with foul dniins, but 
they are objccljonalik-. 
as the point nf the joint 




Kin. <20.^M3-nii'i«. 

<if the tongue is seldom sound, so that R*ncr-gas is cmitiecl. 


Lowe’a.— r.ottc's patent tnip has l*ccn cxtcustu-ly ii^tl hr the >V,ir 
IKqurtinent. U Is ^tron'.dy made, nrid h.ns n litiigi-sl gr»t»ng, so Ih.ii h 
can madilv oiKitetl niui cfe.ircl out. The sail, however, rvircly otcccds 
' inch, even witlv the largest fire, nhiht n very often h.» pmeticaHy no 
seal fit nil. niid it VToidd thea-foa* be nds'isable to ri«e this tn/) only in 
conncctum uifh thcsc/-.smtesT>.lrm. Owiuulo very shallow w.nvr level 
this gully is Sixm frojcn up. ond »s not loi<f reeommemlcvl. 

Fm. -t-I slmvis StoneV impmvitl tru]« ; in this <le*<Tiption 

(he S'.ol is much impnnt'il. 
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access for cleaning is provided by a 8crcw*plugged inspection eye. The 
trap is manufactured by the Albion Clay Co., in “ granitic stoneware.” 

The “Accomo” (Fig. 1C, Plate XLIIL), a patent adaptable yaid gully 
for board schools and other large areas, is also made by the Albion Clay 
Co. The advantages claimed for it arc ns follow s : — The outlet of the 
gully can be raised or lowci-cd to suit any fall of drain. The middle 
and top pieces aic made in various heights, both plaiu and with side 
inlets to tahe any size connection at any level. The middle pieces arc 
made cylindrical, enabling the side inlet sockets to be turned in any 
direction to receive drain connections without disturbing the position 
of the outlet; the middle and top pieces being made to turn lonnd 
independently, provide greater facility for making the connections in 
straiglit lines and dispensing with bends, which arc generally necessary 
when the old form of gully in one piece is used — it being unadaptable. 
Two middle pieces can also he superposed, with inlets on each if 
required, the lower one to receive a long drain with deep fall, and the 
top one a shorter drain ‘with less gradient. By this means also the 
inlets can be raised or lowered so that the connections can be made to 
pass over or under any obstacle. The top pieces arc made square at the 
top to receive a square grating, and the bottom part of same is made 
cylindrical, enabling it to be turned round for the accommodation of 

KrA fUt.^ Crttntfe 


1 ' WhjtAr letfl- I 

** h. _ _--J 

Fio. 4‘il. — “ Buddie llele.” 

the required position of gr.ating, dispensing w’lth brickwork and cement 
rendering, which is necessary with the ordinary round-top gullies. 

Stokes’ Gullj Trap.— This trap (Fig. 14, Plate XLIII.) has been 
designed to provide a ready means of access to the outer side of the trap, 
so as to dear the dr.am beyond. It is made by Messrs. Bailey & Co. 

Sykes’ Patent Yard Gully is shown in Fig. 15 ; it is made by the 
Albion Clay Co., Ltd. The advantages claimed for it are, that it possesses 
a large grate area to take away storm water, with a small surface exposed 
to evaporation ; its great depth of water seal prevents it becoming 
untrapped during the’ hottest weather, its outlet is arranged so as to 
discharge over a sharp anas, which prevents lodgments of leaves and 
straw. The gully is provided with an inspection hole fitted with a 
Bcrcw-plug for the purpose of readily clearing the drain. These gullies 
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can l>c olilaincd with Inck or pulc inlcL% or-nith vertical back inlets to 
a'coivc rainnafer pipes. 

There arc a •jrcat tnnnj other traps to be acommoiidcd by Cl.frkc, 
Carli«le, and others. 

Buddio Hole. — “ bnddlc*holc ** (b*ip. 121) is an opening under a 
kerb, and is ndvantageons ns it gives n frcentid undisturbed water-way, 
and avoids the necessity for a prating in the street itself. 

Brown’s ‘'Victor** Gully (Kig. I2.*») is n combined gully and buddlc 
hole. This gnlly has an ample trap, is .provided with an opening for 



Fio 425 — Brown’s “ Victor” Gully 

drain iusjKctioii, it has a large storage capacity, and is provided tvith a 
storm Weir, so constructed and arr.tngcd that tltc overflow readily comes 
into action, and so prevents the flooding of the roadway. The gullies 
can be had wholly in c.tst iron ; or, the tank may be in stoneware, and 
the grate, frame and weir in iron. 

LiaLlo to become unsealed. — ^"ITie whole of these traps for letting 
surface water into a foul drain are sure to become unsealed with any con- 
tinnanec of dry weather, and the only way to prevent it vs to eend a 
water-cart round periodically to flush and refill the traps. 

A great deal can be done in this way by the judicious application of 
some small but constant supply ol water as from a pump, but, of course, 
this cannot be apiilicd on any large scale. 



CHAPTER xnr. 


SUBSOIL DRAINAGE, 

Source of IToiature. — The principal source of moisture in the soil is 
rain, and it is only when in excess, so as to become stagnant by retention 
rritbin a foot or Itvo of the surface, that it becomes injurious. Bain is 
in itself a source of fertility, bnt stagnant water is prejudicial, and its 
removal to a greater dcptli is desirable. 

Injurious Effects of Wet Soils. — TTet soils which retain moisture 
injure vegetation, in conseqoence of the extreme reduction of tempera- 
ture involved by evaporation, and the roots also are damaged by standing 
in water. If the soil issatoralcd the warmth of the air cannot penetrate 
into it, as heat does not descend in water. Wet soil also prevents the 
circulation of rainwater through the soil, which would be a benefit to 
vegetation. Wet soils prodoce a considerable reduction in the tempera- 
ture of the atmosphere, and arc veiy often the cause of fogs, and such 
land, when used as the site for habitations, is injurious to health. 

Peat and heavy clay shrink about one-fifth their bulk in drying, and 
swell again in wet weather, so that a building resting on such a founda- 
tion is liable to serious Injury if not carried below the reach of atmospheric 
clninges. 

Subsoil drainage is thus often required to improve the value of land 
and to secure the smbility of a building j m many places also it is a 
matter of importance on saoitaiy grounds. 

T^e General Jlejwrf of (he Commission on Improvinfj (he Sanitary 
CVwrf/Vibn lays down, at p. 58, the following 

principles with reference to sites for barracks : — 

‘‘ Having selected the site, the whole aica within the barrack enclosure 
should be thoroughly under-timiued to the depth of four foot at /east, by 
tile drains placed at di'tnnccs diflering according to the nature of the 
6ub«oil and the full of the ground. The lines of drainage should be 
closer to eacli other, or more distant, ncconling as the subsoil is moie 
or less retentive of moisture. In some positions, with a very porous 
subsoil, in which water nc\er remains, tile drainage may he unnecessary, 
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but such in«tancc-? arc i-aru exceptions. Tlic drainage Khonld be, in all 
c;i«cs, sudlcicnt to Keep the parade ground firm and dry." And ^YitU 
reference to sites for barrack huU, at p. 171, it is stated that “A dry 
subsoil is, in fact, absolutely necessary to health.” 

Tile necc'^sity for artificial drainage docs not so much depend on the 
rainfall, or the |)o\Tcr of the sun to carry the moisture off by evaporation, 
ns upon tlie cliamctcr of the subsoil. 

If the subsoil is composed of sand or gravel, or of other porous earth, 
the greater part passes off by natural dminage below the surface. If, 
however, the subsoil be of clay, rock, or other impervious substances, 
the downward flow of the water is arrested, and it sometimes shows its 
prc).cnoc in the form of springs. All wet soils may be divided into three 
classes. 1st. Free soils, from which the water is gradually discharged 
by pereol.ition through it«clf, by evaporation on the surface, and absorp- 
tion by Vegetation. 2nd. l’c.aty soils, which allow the water to percolate, 
hut not so readily as free soils. They have great powers of capillary 
action, so that a large proportion of water, after being absorbed, is given 
off by evaporation, 3rd. Clay soils, which arc retentive of all the water 
they absorb until it is relieved by evaporation or vegetation. 

Other descriptions of land vary between these classes in proportion to 
the amount of clay in their composition and their capacity for natural 
drainage. Each variety tcfiuires special treatment for removing the 
subsoil water, and this is especially the ease with retentive clay soils, 
which are so powerfully acted on by the atmosphere. 

The first of these two classes owe, from their nature, their wetness 
simply to position, and all that is required is to afford an outlet for the 
water, so as to set it in motion, and thus lower the subsoil water-levels. 
In the case of high and dry lands, it sinks beyond the reach of evapora- 
tion, but it still remains within the reach of atmospheric influence in the 
case of drained lands, even though it .‘bus stands at a lower level than 
it otherwise w ould. 

Clays require very careful treatment, on account of their retentive cha 
racter and capabilities of expansion andabsorption. Subsoil drainage makes 
them permeable, though when the surface is not properly and deeply 
cultivated their capabilities of absorption are limited, and those of reten- 
tion and expansion cause them to resist the admi'^sion of the rainfail. 

Clays readily discharge the excess of water, after a heavy downfall, 
after their own capacity for retention is satisfied ; on other occasions 
they give it out gradually. 

The retentive nature of clay soils can only be restrained by complete 
aeration. The drains should exert a powerful influence on the inter- 
mediate mass of soil, so as to secure a quick and uniform passage through 
It for the superabundant water. 
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Clay CJiwble of absorlnnjr from lO to "R i>cr cont. of its own wciirlit 
of x\atcr. 

It should l>c remembered that drainage of clay soil< only alters their 
condition, and not their constitution. The constant expansion and con- 
traction, as avater is absorbed and given off, as well as the retentive i>ower 
of clay soils, form a marked distinction between them and free soils. 

Clay cracks as it dries. It also contains fissnres of sand and gravel, 
and where deep cultivation breaks up the surface, the water finds its 
way into the clay by these various djannels, and thence into the subsoil 
drains. Atmospheric air follows the water, and as the sides of the cracks 
are gradually coafed with soil cstrried down by the water, the sides are 
prevented from sticking together ag.un. The disintegration of the clay 
soil and the multiplicity of these fissnres become greater every year, and 
consequently the subsoil drainage more effective, as well as capillaty 
attraction to the surface. Tliere is thus evidently a depth suited to each 
soil to which it is desirable to rodnee the subsoil water-level, and beyond 
whicli it would not be s.ifc to go in the case of cnltivated hands without 
unduly testing its power of supplying moisture to the plants by capillary 
action. 

Depth of Drains. — The ordmatr depth for draining agrlcnllural land 
and sewage farms is from 3 feet to 4 feet. As a general mlc the minor 
drains are made from 2 feet indies to S feet 0 inches, and the mains 
from feet inches to 4 feet deep. They should be properly csocnled 
and so amuged as to secure complete aeration of tbe subsoil bctwwn 
them, so that although the individnal p.articlcs of the soil may be moist, 
it will not retain water. 

Many anthoridcs recommend deeper drainage than this, and it is an 
established fact that the deepest drains flow first and longest It may 
be remarked here that in the case of cuUivatod land, ns the sarfxce is 
never uniform, drains four feet in depth may approach in some pbccs 
within three feet of the surface, and thus the subsoil water is not kept 
snflicicntly low, and in addition to this, if only three-foot drains are 
nsed in tbe first instance, they may for the same reason come dangerously 
near the surface, and be disturbed in the operations of cultivation. Thb 
would not apply with the same force in tlie ease of subsoil drainage for 
sites of buildings. Under tbe latter circumstances it may in some 
instances be necessary, in order to obtain a fall for the drains to make 
them only two feet deep in places. Tliev should then be placet! at only 
about half the intervals at which foor-foot drains would be laid. 

Tlie contention for shallow drains is rcallv maintained by tlie quisticn 
of expense, as the extra foot in depth involve an additional foot of 
excavation at the lop, and is not a mere prolongation of the thin cud. 
Tbe earth al*o gets harder the deeper we go. 
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Mniiis should ho idacod from throe to si\ inches lowci than tho tniiior 
dniins discharging into them, so ns to a\oul any obstruction which 
might cau«c the m ater to head up into them. , 

Arrangement of Drains. — It is ncccssar)*, in the lirst place, to ascer- 
tain the source of the Jnjurious uater, soas to secure a permanent and 
cfiectivc dischai^c. To do thi«, the geological formation and dip of the 
strata should he consldenxh In some eases, the moisture is due to 
pervious strata cropping out just over an impervious cue, and even 
underlying it, in which eases, by the judicious use of the anger, or 
boring tool, to tap the water-bearing strata, in connection with other 
drainage operations, large tracts of land have been cheaply and elTectivcly 
drained, with beneficial results, evlcndhig to some distance around. 
This is known as Elkington’s system. Xumerons test-holes should, 
under any circumstances, he made to oscertain at what depth below the 
surface the water will lie in wet seasons. The natural drainage by 
hollows and valleys should bo studied and retained as the proper course 
of drainage, though the future conduit is to be below tlic surface. Close 
attention must also be paid to the variation in the inchuation of the 
surface, as well os in the nature of the soil. Relief drains should be 
applied at all changes of planes to those of smaller inclination, so as to 
avoid the impediment caused by the slower flow of the flatter drains. 

It is tbna seldom that the drains can be laid uniformly parallel to 
each other, but they must be arranged to suit each portion of the ground. 
The minor drains must he of suflicicnt size to c.irry the total roavimum 
amount of water that may flow through them without pressure, as other- 
wise it would wet the land through which it passes without draining it. 

The size of the mains should be calculated to carry away readily 
the water to be collected from the minor drains. In each case proper 
allowance should be made for the inclination of the pipes. 

Tall. — When the general surface of the ground is nearly level, very 
little fall need be given to the drains. When practicable, it is well to 
have a fall of not less than 1 in 100 ; more is preferable, but as little 
as 1 in 400 is suflicicnt if the drains be very carefully formed. It will, 
however, be usually found less expenshe to make a fall of 1 in 200 
rather than 1 in 400, as the latter requires extra care m forming it. A 
very steep slope is objectionable, as the flow of water tends to injure or 
obstrnct the drains. With steep slopes it is desirable to place the drains 
at less intervals than with ordinary slopes. Stone drains require a greater 
fall than tile drains, as the water does not pass through them bo easily. 

The fall should be uniform, or of increasing descent, towards the 
outfall, to avoid deposit of silt, as partides which would be carried along 
the pipes at a good fall might be deposited when the flow of water is 

L L 2 
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lessened owni" to tlic reduction of the fall in the diain. Where an 
alteration of fall to a decreasing rale of fall must be made, a silt basin 
should be placed to catch the deposit. 


Distance between Drains. — Under similar conditions the distance 
apart should be in inverse proportion to the rainfall, so that the maximum 
amount may be freely absorbed and discharged at all times. In very 
light land the intervals between the drains may be as much as 20 yards, 
and the distance may vaiy from that down to 5 yards for a stiff clay ; 
the distance depending nj>on the depth of the drain. In porous soils 
the distance between drains may be 10 to 12 times their depth ; in light 
loams 8 to 10 times ; in ordinaiy loams G to 8 times ; and in retentive 
clays 4 to G times. 

Taking 3 feet ns an average depth we get 


Porous Soils 
Light Loams 
Loams 
Clays 


at from 30 to 3C feet intervals. 

„ 24 to 30 „ 

.. 18 to 24 „ 

„ 12 to 18 „ 


The intervening ground will then be clTectivcly drained, the level of 
the water in the ground between being somewhat ns indicated in 
Fig. 42G. In gravelly soils, drains may be laid at greater intervals tlian 
10 feet, but they should then be deeper than four feet. In good clean 
gravel the drains may be dispensed with. In every case, however, duo 



Fig. 426. — Distaucc between Drains. 

regard must be paid to the continuance of humidity of the atmosphere, 
and to the character of the soil. 

In the case of a steep slope terminating in a flatter one, with soil of 
the same cliaractcr, the soakage from the hill will necessitate a greater 
number of drains on the lower land than on tlic higher. 

Direction. — The minor drains should follow the line of greatest descent, 
and it is evident that tthen bid at right angles to tlio mains, and so 
parallel to each other, the shortest po'Jsible drains arc obtained iu 
iniul that ndiiHtH of imiform drainage. They thus share tlic work done 
uniformly. In ploughed land they very often follow the furrows when 
straight, or nearly so, insUnil of cro«sing the ridges, as they slionld do 
if the plan of panillcl equidistant arrangement were strictly ndhcml to, 
and this plan shonld always be ndojitcil in grass land, unless there is 
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a probability of its being broken up, flattened, and laid down again. 
Where drains arc laid across the fall of the land, water escapes from 
them in its passage. If the work stops on a slope, n cross drain, called 
a header, should be introduced, connecting the tops of all the minor 
drains, so as to cut off the water p.assing down the slope in the subsoil 
between the pipes. 

An open drain is useful on a gentle slope to cut off the surface water 
flowing from the upper portions, and would be more effective than an 
under drain. Sometimes it is necessary to use both the header and the 
ditch. Tlic direction of the mains may have to be modified, so as to 
increase their discharging power if, from motives of economy, it is 
undesirable to use a larger pipe. Arith tins object in vieu', two separate 




fics. 427 and 42S. — Ordinary forms of Silt Dasins. 

mains are laid on each side of the hollow, and the inclination increased 
by running the head of each upw.ards into the rising ground. 

It is objectionable to use long main drains, especially with a low 
gradient, as they check rapid action in the system. AVhen they cannot 
be avoided, wells, or sumps, with overflow pipes into some convenient 
ditch, should be introduced into the line of dram to relieve the pressure. 

Outlets. — The outlets should be carefully chosen, and should be as 
few ns possible, consistent with a proper allotment of the lengths of the 
mains. An average of about 14 acres to one outlet appears to be the 
usual practice. The outlets should be composed of iron pipes, set m 
masonry, and discharge with a drop into a watercourse. Care most 
be taken that the outlets do not get stopped up, and that they are 
at such a lex cl that there is no probability of water being forced back 
through them during floods A flap is sometimes nse<l for this purpose, 
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as shown in Fig. Ji, Plate XLIV., opposite, which gives tlie details of 
the work required in connection with outfalls for either a small or large 
system of drainage. An iron plate, with the date and number on it, 
should be let into the masonry, and entered on the drainage plan. The 
site of all the drains should be correctly shown on the plan. 



Rio. IS'*. — Method of Draining tho Subsoil Water from the 
Exterior of the Sewers. 


Silt Basin. — Silt basins should be formed on mains at junctions where 
there is likely to be a great flow of water, or at the foot of an incline 
in the drain, where there is a change of the fall to one less steep. They 
may be formed of brickwork, or with a large pipe on end, or with a 



Fic. 430 — Method of Diaimiig the Subsoil Water fioni tlie 
E^tenor of the Sewcis. 


wooden band. They will last many years without being filled up, and 
then they can be cleared out. Figs. -127 and d28, p. 517, show ordinary 
forms of silt basins. 

Wells, or Blit basins, at proper intervals, arc very useful for observing 
the flow of water m the drains, and thus it may be leadily ascertained 
whether the drains arc fiw fioin obstruction and arc acting pmperly. 
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US shown in Tig. 3, Plate XI/IV., opposite, which gives the details of 
the work required in connection with outfalls for cither a small or large 
system of drainage. An iron plate, with the date and number on it, 
should be let into the masonry, and entered on the drainage plan. The 
site of ail the drains should he correctly shown on tlie plan. 



Fig. 42n.--Method of Draimog Ae Subsoil "Wiitet from the 
E^teiior of the Scueis 


Sfit Basin.— Silt basins should be formed on mains at junctions where 
there is likely to be a great flow of water, or at the foot of an incline 
in the drain, where there is a change of the fall to one less steep. They 
may be formed of brickwork, or with a large pipe on end, or with a 
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Sumps: Use of. — Wli''rc it is ncccss.iry Jo dniln l>clow tuittinil out- 
lets on files only n little alwvc liiph water lc\cl, tlic water may 

Ix' camVl into fumps or_wcll«, from whicli it can be pai<C(l olT by 
pumpinp, or by rah e«. to let it mti ont at low water. 

To prce'cnl thf ful«nil w.atcr forcinp its way into Fewer?, drains shonld 
bo hid to cany it ofT. r»:pi. 123 and 4:50, p. 518, show the method 
adopted in the Main Drainatre AVorks of liondon to drain the subsoil 
water from the exterior of the Fowen*. 

Air Drains. — An incrca*c<l rapidity of dheharpe from n long main 
drain, or one of flipht inclination, is otttaincfl if air is admitted directly 
to it, and an air drain conneclinp the npper ends of the minor drains 
has nl«o hen ndrowted. Such contrivances would apparently be 
ndrantape^m^ly employed tii the ca«o of the denser chiys, but this would 
not obtain with ]»orous foih. 



Clay Soil. — The worst ground for a site is a clay soil, ora clay sub- 
soil, cominp near the surf.ice ; but the disadvantapes will be reduced lo 
a minimum, if not entirely removed, by cfiicicnt subsoil drainage. 

It is desirable that the subsoil drains should be below the level of the 
footings of the walls of a budding, and that they should lead away from 
it without passing under it. 

Drainage under Foundations (Fig. l.Tl). — It may be necessary in 
some cases to lay drains under foundations, in addition to the ordinary 
subsoil drainage, to guard against water from below rising into them. 
Such drains should be laid with a considerable fall into the adj.acent 
subsoil drains, or the water from them should be earned away from the 
site by an independent drain ; they should not fonn any part of the 
main system of drainage of the site, bo that in case of any stoppage 
of a drain underiie.ath the foundations, no water could find its way 
under the building fiom the snirounding drainage. 
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Surrounding Site. — It will be found a great advantage to put in sub- 
soil diains surrounding the immediate site, if possible, to a depth below 
the footings of a building, before making excavations for the founda- 
tions, as the water will thns be prevented from rnnning into the trenches. 

Special for Footings. — If the excavations are carried below the depth 
of the subsoil drains, it will be desirable to drain them separately by 
carrying off the water to a lower level. In special cases this may not 
be possible, and it may be necessary to leave the site undrained, building 
in below ground with hydraulic mortar or cement, and afterwards 
draining in the ordinary way around the building. In such a position 
the subsoil water may be kept out of the trenches by sheeting and 
puddling, if it cannot be kept under by pumping. 


/ 


...Old Ortmt depresstd under 


Fio 432.— Section tlirough Railway Embankment, sliowing 
Depression of Drains. 

lYlierc the subsoil drams are not below the level of the foundations, 
the wliolc area under the building, and above the level to which the 
drainage is laid, should be covered with a layer of concrete. 

For Peaty Soil. — In ground of a Jicaty nature it is essential that, if it 
’jc drained at all, the drains should be laid before the work is commenced, 
ns snch a site is seriously affected by the drainage, and the substratum 
becomes easily compressible. 

Railway Embankment. — AVhen any great weight of earth, such as a 
railway embankment or a parapet, is to he placed on a site which is 
already drained, the drainaijc should be made independent on cacli side 
of tlic site and lead out«ards from it and clear of it, as shown in Fig. -ioi, 
lO ensure the ]>roj)cr drainage being niaintaiued.nnd to avoid llie risk of 
the drains under tlic emkinkmcnt being stopjicd up by the compression 
of the soil under the su|)ermcurabent weight. 

Drains through Foot of — Itisoftenndvis,ahlc to hay opcn-jointcil drains 
at intcrs'als llvrou'^U the fimt of an cmliankment near the natural surf.icc 
of the ground to carry off the w.aternhich may sink into tlie made earth, 
and minlit caii'e it to shp nr sittle ; ami uilh retentive soil, it may ho 
iitCfCB.iry to ill'! rt ilrains on the top anil d<»un the faces of the emhank- 
meiit to prcicnt its slipping. When it is rcrjiiireil to carry any jiart of 
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tlic (Imiiiairc iimlcmcath tlic embankment, a small culvert should be 
formed, or a jifpc drain jointed in cement carefully laid should be provided, 
in order to avoid the risk of any nccnmulation of water underneath. 



Trendies, Depth of. — The trench for a subsoil drain is usually from 
three to six feet deep, and is cut as narrow as jiossihlo for the depth. 

The amount of excavation for the required depth will depend a good 
deal upon the skill 
of the cvcaintor, 
and upon the 
nature of the soil. 

Tlie bottom need 
only be sufficiently 
wide to take the 
pipes, provided 
the c.xcavation can 
be made without 
the workmen 

having to stand in f*io. 413, Fjo iZi 

the trench. The Trenches for Subsoil Dramngc 

tops will be from one to two feet wide, and the sides sloping, i 
in Figs. 433, 13}. 

Ordinary Tools.— Machines. — It will generally be found more 
economical to let the wotkmaa make the trench of the width he can 
conveniently manage, rather than insist, in every case, upon a very 
narrow trench, Jlany special forms of spades and scoops arc made and 
recommended to be used in 
digging trenches, but work- 
men will rarely be found to 
use with advantage tools to 
which they are unaccustomed. 

But narrow spades and scoops, 
as Figs. 43’j, 43C, should, if 
possible, be used for excavating • 
and finishing off the bottom P'®®* ^^5,436- 


s shown 


—Tools for Jigging Trenches. 


of the trenches to the required fall. Tools for tins purpose are made m 
a great variety of shapes ; some of these arc given in Figs. 437 — 44ri, 
p. 522. Fig. 440, p. .*>28, shows the method of laying the pipes in the 
trench by means of the tcM>l in Fig. 1 18, p. 522. 


Machines.— Si>ccinl exriivntiiig mnvhincs worked by steam power, 
arc used to cut tho tumvIwM for dunning oxtensuc m-eas. 

Bottom to bo OrnilPil Aoomftloly. Tin‘ bottom must lx.- c.»rcfnfiy 
trimmed to the true irndiimllon {futf I’lutr XI.lV., p. .51^“, p- If*'), 
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every pait being tested with boning rods. Where the soil is very 
loose or formed in running sand, the bed for the pipes should bo formed 
^ith a layer of stiff soil or clay. This will not, ns might he supposed, 
stop ^vntc^ rising into the jwpes, as after a short time it becomes quite 
porous. 

Pipes. — Material and Size. — The pipes in general use for 
subsoil drains arc circular, though several other shapes used to ho 
manufactured. They are made of clay similar to tliat used for 
ordinary bricks, and are burnt in the same way as bricks. Those 
two inches in diameter and upwards are usually made in lengths of 
12 to 15 inches and arc generally used for minor or lateral drains, up to 
1C chains in length. For larger drains, 21 or 3-iuch pipes should be used 



Fifi, 4iG — Application of Special Tool in l.ijin;; I’lj'cs. 

at the lower parts. Collars arc sometimes made to encircle the joints of 
pipes, but they arc seldom used on account of the increased expense. They 
are valuable in preserving the continuation of the drain, but in the case 
where pipes of smaller bore than two inches would be used, the increased 
dilRculty of pi-cserving the continuity i% got over by not usmg any pipes 
under two inches diameter of bore. Their ii«c would be adn’«aWe in 
sandy soil, to check the tendency of the pipes to become choked with 
silt. It has been found by experiment that by far the larger part of the 
water enters the pipes through the joinlx, and only a small jx-rcciitago 
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these drains are more e 2 ipeiisi\c than those with i)ro])Ci-ly laid jHpes, and 
are, moreover, very liable to become obstructed. 

Hand Packing.— A dry packing of stones in embankments, at the 
back of revetment walls, or in the foundation of roads, is frequently used 
with advantage to facilitate drainage. 

Brushwood. — Drains are sometimes formed with brushwood, pieces of 
wood, or sods, as a means of getting rid ofsoakage water. In exceptional 
cases, whoa tile pipes are not available, these substitutes may be advan- 
tageously applied. All such drams must be regarded as makeshifts, 
very inferior to tile drains. 

Boggy Land. — Wet, boggy land is very troublesome to di'aiii properly. 
It is not often used as a site for buildings, but it may He near to 
dwelling-houses, and, therefore, require draining. The ordiiiaiy tile 
draining has, m many instances, pioved useless m sncli cases, because 
the drains have been laid before the ground was in a fit state to receive 
them. The drying out of such land is a gradual process,’ which must 
bo carefully developed. One or more deep, open ditches should bo dug 
along the lines on which the main drains mil eventually run. They 
should not be less than five feet deep, and the sides must be at such a 
slope that they will not be liable to fall in. 

Trenches about a foot in depth will then be cut across the surface of the 
ground at intervals of ten to fifteen feet, with a good fall to the open 
ditches. the soil dries and consolidates, these trenches are gradually 
deepened, the bottom being frequently cleared out to allow an uniotcr- 
rupted flow of water tlirough them. When they Jiave been made to 
a depth of about two feet, if the ground is drying well, it may be 
possible to dispense with each alternate drain, deejxiuing the others by 
degrees to a depth of four feet, and keeping them open till they have 
been proved to work satisfactonly, and the ground has become fairly 
firm ; then, but not till then, pipes may be laid. It will be as well to 
use collars for the pipes, as the bottom of the trench will probably be 
rather soft, and 2-inch pipes sliould be used. 

Pailure of Drains — Every precaution should bo taken to prevent 
obstructions occurring in drams. If properly constructed, they should 
last for fifty years without requiring to be re-laid. In low land, however, 
when the soil is composed of fine materials, it frequently happens that 
the pipes Jiavc to be taken up and re-laid after about ten years, and iii 
peaty soils this may be necessary after three or four yearn. 

The chief causes of obstructions arc silt, vermin, and roots. 

Silt — Silt will be deposited wherever there is slack water, owing to 
a defect in laying, or to an irregularity in the shape' of a pipe, or to a 
decrease of tlic fall in the drain. 
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Tlic rnlranco of Fill into the pipe mnv he lo a pvat cxicnl prevented 
hj liavinff collars on the pipes, or hjr coverin" them with a few incites 
of pravol or other i^irons Foil, and placing over this a lajcr of compact 
clay, FO that the water may enter at the bottom of the tiles instead of 
at the lop, as already mcntioncil. The deposit of silt in the pipes may 
l*c punnlcd ncain»l hy the provision of silt hasins. 

Vermin,— Vermin, sneh ns mice, oli«tnict the pipes hy mahing nests 
in them, and dying in them. To obviate this dinicnlty, and keep them 
ont of the pipe*', the outlet o|>onitigs fIjouM 1>c covered with a grating 
or wire gnanl, or l»c protectc<l by j*arking broken gin's l) 0 ttles around 
them. The outlets phown in Tig. Jl, I’latc XLIV., p. 618, have l)ccn 
n«csl for this purpose. 

Roots of Trees.— Itoots of many trees, especially aillowg, a ill enter 
pijics, and extend within till they Fomolimes completely stop up the 
pijv>. However, this difliculty does not occur verj* frwjiicntly. Vlicrc 
it has occurre<i it has l>ccn ni'ccss.iiy to take np the pipes and re-lay tljcm 
with S'lckct joints in cement through the ground where' the roots am 
likely to extend, <j»y wjthin alMJUt fifty yanls of the tree’s. 

Plan of Drains, — The positions of the several drains, outfalls, sumps, 
and examining holes, should be shown upon the plan of the drainage 
nre.a. The depth*, sixes ofpijvs, and inclinations at the several places 
sbonld also be marked upon it. It must be expected that the drains 
w ill have to bo opcnotl at some lime or other, so a proper rceonl of them 
will save much cxjicnse in searching for them, and enable an intelligent 
supervision of every part of the drainage system to bo readily maintained, 
and consequently prompt remedial ineasuics to be taken should any 
defect be discovered. 


S.E. 
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SANITAUV i\()Ti:s. 

Mado Ground.' — “ Tlic hurfnce soil of I.omlioi. iuii! also of inuiiy otlier 
hr^c vit)c><n}u] tonus, k a inntun-ot numUJ, cnn v), or cUy, uifli dc'br/s-of 
oncicntbiiilduius anil rubbish. Miirbof this has boi ii upturned over and 
over ajiain, so that it comprises an n<*ciiimi!.ilion of bnek-bat.s, fni-'inciits 
of crockery, and what not, eommintrlod with lehos of llie soil and Mibsoil. 
In u few loaditics in liimdon it has ais nmiilaled *-te.ulily, or at iiTci:Ml.ir 
intervals, at the rate of from m\ mcln-s t<> <»tif foot a 1 1 ii(nr\. .Much of 
tlic •made ^tround’ is tlins of ancient dale, and ni ilii'se iiinh-tiiibeil 
areas U lias pro'-erved trojdiies of the Ibnnan oroiijiatioii, of the (tiv.it 
and other intercstinv' episodes. Made ;riouml tua\ he fiom a foot 
or two to about twcnt)-(itc foot in iliickm", tin- oteatir thn'knes.scs 
Itcmj; bore and there line to the iii.liibno of old pits \t the Hank ol 
Ilnglaiid tlieie were twenty*two feet of made I'lonnd restin'; on four fiet 
of i;ra\el. Sueb artificial • soil* of \.ir\ini; eliuiai t< i and thii'kness no 
doubt cNteiiila over the whole of old homlon Mi. \\ hii.ik> r has remarked 
that lieloravi.i Is iirolubly in peat p.irt built mi oionii'i of thi' i hai.u tei, 
otherwise it would Ik; lower wml d-Mop. \ |w »is, U* m idi is not 

alwa\s an unsatisfactory round.itioii f<<i a lll•use. .Mik h of it, ns we 
have “t.ated, is of nn alien iit dun . ui nd iii»t»rial m.iy 

artiflciallv li" broll'^Iil to |«*vel «ti iruitulai inot I he s. nmH iiiattir 
is til it in tln-o inbchtciucl ilays It luiN'.ini' fi'r h><iis' s in in- erii tid 
on pit' in which all kiml> of rubbi>!i. wiih d«'.i\itie Me'iabk' and 
nniin.'d matter, hiO' phi ally and iiiti nii-ui.dly lemi slmi -u Iiniiv'lris 
(ialtori h.isfp'-k<n ^^r•'«"Jy on ihis and h> asks, • Whaf. then, 

ran I" nmn d ine* r»-iis. w hat more wu ked, ili.m iln ii-iv-dii jinsrcd- 
in;:^ in tin iii' tr"]HFlss. and il'iwh-re, -f th'**- i-rs'ins uli.' |iiiplii'' 

a b'lildiiu' 'It' , wli" • Mnt« t fpilii It the le diby « h 111 jno.l .oil ^ iini 
uhi'li It eoiitain*, 111! »w lie li*''is to !■ Idl'd woli ruii|ii«|i, and linn 
pri.«.«\Hl In Imild ll]•l!l It - It H well known th it injiin 'U' < in in iin-iiH 

• .1' - i/> r'' r‘ - '/V ' f .s r' / ' r-i f U'.I ’ 1 > 

j'r It' '1 I:.' w .••Si* t. i i: > 
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come from nn impure Boil or subsoil, and may rise into a house ; so 
that on such an unwholesome foundation it is absolutely necessary that 
the basement be securely cemented. The bye-laws of the Local Govern- 
ment Board will, it is hoped, prevent any further building of houses on 
polluted sices.” 

Natural Soil. — The natural soil is of varied composition, being 
primarily derived from the subsoil, which may itself be regaided as 
the weathered portion of the underlying hard or soft strata. With 
the decomposed mineral ingredients of the soil is mingled more or less 
decayed animal and vegetable matter, while the whole soil layer has 
been largely re-constituted as mould by the action of earth-worms and 
micro-organisms. Wind-drifted material has also to some extent modi- 
fied the constituents of soil. As a rule the natural soil is too thin to 
have any particular effect on the sanitary conditions of a site, although 
in places it may bo as much as three feet or more in, thickness. It is 
initurally thicker on the lower slopes of hills and in valleys, owing to ils 
downwash by rain from the higher grounds. It is usually thicker also 
on the sandy and loamy areas than oa the stiff claj's. 

The Influence of Subsoil Water on Health. — Mr. S. Moucktun 
Copeman, M.A., etc., writes in the Journal of the Sanitary Institute^ 
April, 189C, as follows : — “A survey of all the recorded work on the 
influence of subsoil water on healtli appears then to show tliat rapid 
and abnormal oscillations of the level of the subsoil water me par- 
ticularly dangerous, such variations being of considerably greater 
importance than the actual distance of the ground water from the 
surface. Other things being equal, it is doubtless true that the further 
the ground water from the surface, the healthier w’ill be the site, 
although m all probability a higher average level without obstruction 
to the outflow will not necessarily be more conducive to the appearance 
of disease, so long as the height is not such as to bring about more or 
less permanent dampness of dwellings. 

“As I have already stated, it would apfiear that with the exceptions 
I>erhaps of cholera and typhoid fever, the condition of the niqicr layer 
of tlie soil, as regards the amount of moisture in its interstices, is of 
more importance than the actual level of the ground water beneath.’' 

Steam, Admission of, to Sewer, — Xo steam exhaust, blow-ofl or 
condensed water from any boiler, or hot water from any manufacturing 
process (such water being of a higher temperature than 110 degrees 
rahrenheit), should be allowed to be connected direct with the sewtr 
or witli any drain connected to the sewer — such pipes should fir«t 
discharge into a tank or condenser, from which a suitable outlet to the 
sewer should be provided. 
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Drains to be Tested. — All drains should be tested before a house is 
occupied, and afterwards annually, especially if any of the drains run 
under the building. 

An inspector can only ascertain the general design of the drainage 
arrangements by examining the building ; the nature of the workmanship 
can only be judged liy the application of suitable tests. 

It is not at all an easy matter to make a reliable inspection of the 
diainage of a building, and especially so of an old drainage system. 
Ill the latter case the examination can never be considered (ompMe 
until every diain, branch, soil, ventilating or waste pipe, has been 
traced and tested fnim end to end. 

According to the fianiianj Record, April 15th, 189D ; — “The 
reliable and succc'Sfiil dnxm-tostcr must possess a certain amount of 
inventive ability and be of ready resource; above all, he must have 
great patience, and must find out cxerytbing for himself as indicated 
by tlie tcBtfi, and not take anything for ginnted ; and information given 
to him liy those who piofoss to know aliould be gratefully reccired, 
but at tile Runu' tunc he sliould satisfy himself of its accuracy and 
value." 

The following description of house inspection more particularly refers 
to an old house, but the same system, with modification, is of general 
aiiplication . — 

IIouBo Inspection. — “ Sanitary engineers consider that an unusual 
fiinell IS goimrally the first evidence of something wrong, and that, traced 
to its source, tlic evil Is half cured. They inspect first the drainage 
anangementa. If the basement generally smells offensively, they search 
for a leaking duiin-pipc, t.e.. a pipe badly jointed or broken by settle- 
ment, and these will often show tlicmiNclTes by a dampness of the paving 
around. If, upon inquiry, it turns out that rats are often seen, they 
come to the conclusion that the house drain is in direct communication 
with the sewer, or some old brick barrel-diain, and therefore examine 
the ti.ips and lead bends wliich join the drain-pipes to see if they arc 
gnawed or faulty. If the smell arises from any paiticuLar sink or trap, 
it is plain to them that there is no ventilation of the drain, and more 
cppcci.illy no disconnection between the house and the sewer, or no 
flap-trap at the house-drain delivery into the sewer. 

“If a c<umtry house be under examination, a smell at the sink wilfi 
in nearly every ca«e, be traced to an unventilated cesspool ; and, in 
(ipcning up the drain under the sink, in such a state of thing?, 
will lake care that a c.mdle is not brought near, so as to cause an 
explorion. If the trap is full of foul, black water, impregnated with 
sewer-air, they partly account for the smell by the neglect of flushing- 
If the sink, kitchen, and scullery wastes are in good order, und th*^ 
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smell is still c)li'-cr\.nlilc, they sc.ircli the other ccll.ir rcM)ms, iiml fje- 
(jucntly find an ohl (loer^trnp without wafer, hrokcii and oi>cn to the 
drain. If the smell lwammoniac.il in char.icter, they mice the slalile- 
drain**, and see if they lead into the same pit, and if so, argue a weak 
pipe on the route, especially if, as in some Ijondon mansions, the stahle- 
drains run from the mews at the back, through the honse, to the front 
street sewer. 

“.‘'hould a bad, pcr«istcnt smell l*e complained of mostly in the 
bcilroom floor, they seek for an untmp])c<l or defective clo«ct, a burst 
soibpipc, a had junction between the Ic.!!! and tlic cast-iron portion of 
the soil-pii>e behind the c-asings, etc., or an imjiroper connection with 
the drain below. They will examine how' the soil-ptjw is jointed there, 
and, if the joint he in«idc the hou«c, will carefully attend to it. They 
will also remove the clo'ct framing, and ascertain if any filth has over- 
flowed and saturated the flooring, or jf the wfe underneath the apparatus 
be full of any liquid. If the smell be only occasion.al, they conclude 
that it has arisen when the clo«ct-hnndlc has been lifted in ordinary 
use, or to empty slop*, and satisfy themselves that the soil-pipe is 
anventilatctl. They, moreover, examine the bath and laialor) waste- 
pipes, to ascertain if they arc untnppcd, and, if trapped by a sigmoidal 
bend, see whether the trapping water is not always withdrawn owing to 
the syphon action in a full-running pipe. They will trace all these 
water-pipes down to the sewer, ascertain if they wrongly enter the 
soil-pipe, the closet trap, or a rainwater pipe in connection with 
the sewer. 

“If the smell be perceived for the mo<i part in the attics, and, ns 
they consider, scarcely attributable to any ul the foregoing evils, they 
will see whether or not the rainwater jnpes which terminate m tlie 
gntters are solely acting ns drain ventiKators, and blowing into the 
dormer windows. They will also cx.iminc the cisterns of rainwater, if 
there be any in the other portions of the attics, as very often they aic 
fall of putridity. 

“A slight escape of iinpnrc air irom the drams may be dilficult to 
detect, and the smell may be attributed to want of ventilation, or a 
complication of matters may arise fnun a slight eBC.spe of gas. 

“ Neither are all dangerous smells of a foul nature, as there is a close, 
sweet smell which is even worse. Should the drains and doubtful places 
have been previously treated by the iiim.ates to strongly-smelling disin- 
fectants, or the vermin killed by poison, the insiiectors of nuisances will 
find it difficult to separate the smells. In such a case, however, they 
will examine the state of the ground under the basement flooring, and 
feel certain that there are no disused cesspools or any sewage saturation 
of any sort. They will also ascertain if theie be any stopp.age m tlie 
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drain-pipes by talcing up u yard-trap in the line of the drain, and noting 
the re-appearance of the lime-water which they had thrown down the 
sink. And invariably, after effecting a cure for any evil which has been 
discovered, they will have the traps cleaned ont and the drains well 
flushed. 

“ A thoroughly-drained honsc has ahvays a disconnection chamber 
placed between the house-drain and the sewer, or other outfall. This 
chamber is formed of a raking syphon and abont two feet of open 
channel-pipe, built around by bnekwork. and covered by an iron man- 
hole. Frcsli air is taken into this chamber by an open grating in the 
manhole, or by an underground pipe, and the air thus const.intly taken 
into the cliamber courses along inside the dram, and is as continnonsly 
discharged at the vcntilatetl eontimiations of the soil-pipes, which are 
left untrapped at the foot, or at special ventilating pipes at each end of 
the drain. This air ciuTout m the dram prevents all stagnation and 
smell, 

“'When a house is undoigoing examination, it i-* wise to test for 
lighting-gas leakages, ami there is only one scientific method of doing 
so, wliicli IS ns follows Every burner is phiggi’d np save one. and to 
that is attached a tube iiuHmnectioii with an air force-pump and gangt — 
tlin meter having been previoush dis«.vnuivttHl. .Air is then pumped 
into tlio whole system of pun's, ami the sto]>-coek turned, and if. after 
working the pump for some time, and ^topping it. the gauge shows no 
signs of sinking, the pipes maylv taken as m safe I'oiuhtion s but if the 
moicury in the gauge falN. owniir to the oseaivo of air from the gas- 
tiiU's, there is a le.ik m them, vvliieh i« discoverablo by pouring a little 
ether into the pipe c!o<e by the gauge, and re-eomnicncing pnmpiDg, 
Very minute holes can be detix'tod by lathering the pipes with si.vip and 
water, and making use of the pump to create soap bnbblei. 

“ Hosidos the dmiimge, they will, esjH'ei.illy if they detect a bad and 
dank Muell, see if it ari'C-s frv'in the want of a damp-prv'of ivurse. or of 
a dry area 5 see if there lie a net soil under the lM<onu‘iit lUxw. a faulty 
pijv lii«ide the wall, an misouiul leaden gutter on the top of the wall, or 
an overtlowiiig box-gutter in the ri'of, a leakv ,vlatag\', u jx'rmis wall, a 
wall too thin, and ^o on. 

“ Tiiey will abo keep an eye in»oii the nviiditieii v'f the ventilatiiur 
urranuement. and whether the evils comi'i.muxl of aiv net nninly due 
to deh'Ct'V tlierv'. The immediate Mirrv‘umlinu< of the Iiouh' will aKo K- 
noted, and any nnivuuw c^timatiHl. 

•*S.mitary in-«|>eetor‘, nhihl cxaminiiii: into the ex'iuhtieu of the 
dndii'', ulwav' evamine the water cNtenis at the ' vine time, and di^iwer 
whether tlie ei»tern whieh vhhK the drinking w.iti l Mipplu' av well tlie 
liii'liitig water of the Jo-el'.. They will aNo aMAriam if it e e\»rl’.'w 
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l»i{X' of the cistern, or of a scjuratc <lrinkiIlg*^\ate^ cistern, passes 
«Iircctl}’ into the dniin. If the overflow pipe ho syphon*trappctl, and 
the ^vatcr rarely changed in the trap, or only >\hcn the ball-cock is out 
of order, they will ]>oint ont the fallacy of such trapping, and, sjw'aking 
of traps generally, they will look suspiciou<«ly on e\ery one of them, 
endeavonr to render them supererogatory by a thorough ventilation and 
disc 6 Dnection of the drains.”* 

After making a careful evaminntioii of the premises, the best method 
of testing the dn\ius cm be decided on; the most elTicicnt and trust- 
worthy test where it cm be applied is the “hydraulic” or “water 
test.” 

Drain Testing. 

Hydraulic or Water Teat. — ^This test involves subjecting the drains 
and joints to a pressure of a head of water of at least si\ feet. In 
oixier to effect this it is neccssar}* to plug the lower end of the drain 
by means of a dram plug or an air bag, ns dcscribetl below. *1110 most 
convenient place for applying the plug is at a disconnecting pit or jii«t 
above the intercepting trap. In order to obtain the necessary head of 
water a bend and a couple of lengths of pipe on end may be tompornnly 
attached to the upper end of the drain and set in cement, so ns to 
retain the ncce««ary water. A more convenient arrangement is to 
apply one of Addison’s drain stopjwrs (,Fig. p. ’> 38 ) at the upper 
end also, uhen the neccs&iry head can be readily obtained by nttnehing 
a piece of indiarubbcr tubing to the brass tube thraugh its centre ; 
the ivfiter can be filled in tlirongli a funnel. 

If no such convenience as a disconnecting pit or intercepting trap 
exists, the drain-pipe would have to be oj>encd and plugged ns already 
described. 

The level of the water slionld be c.nrefuUy marked, ami any Bubsulcncc 
after a period of, say, two lionrs, would indicate a fault somewhere, 
and it would then become neccs&iry to uncoier it niui ct.sunne it 
carefully. 

It is generally iieccss.iry to tc^t the difTorent sections of a large 
system of drainage scjuratcly. The pings would then be iii'erictl from 
the ins]>cctiou pits or manholes ; if there arc gullies at \anons levels 
they can bo similarly plu^gctl if circular in section. 

SoiI-pijX!S sliould similarly be subjected where pructiciblc t<> eitlur t?io 
“ wa^cr test ” or to the ••pneumatic test,” as a grcaier j'n.-«urc um thus 
be obtained wliichwill reveal defects tbatwonld jviss nimoticed b\ eiihir 
tlie pcpjtcrimnt or smoke ; but there is u difliculty in th" imucr'a! 
application of the “ water U>t” wliuh docs not exist m the “ piKurnatic 
te'-t,” presently to be described. 

• IViric^* ilyfiemr 
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The Pneumatic Test. — This test consists in the sub'ititution of aii- 
under pressure for the water UBcd in the hydraulic test. One of the great 
advant.agcs it possesses over the latter is that it can be readily applied 
to vertical soil pipes and house fittings for which the )»ydmulic test is 
more or less inapplicable ; the pressure everted is also susceptible of 
inodificatiou according to circumstances. Drain stoppers arc used to 
close the outlets, traps and ventilating shafts where necessary to confine 
the air wliich is pumped into the drains, etc., either by the Eclipse sniohc 
gcnenitor (Eig. -J.'iS, p. .■nil)) or by other suitable appaiutus. A few 
strokes of tiie pump handle arc all that arc required, and if after this 
tlic copper float is found to remam stationary, the inference may be 
made that the drain is sound, if however it falls a leakage is indicated ; 
this should then be localised by the additional use of the smoke or 
peppermint test. 

It should be remembered that a pressure of 10 lbs. corresponds to 
a height of 20 inches of mercury. 

The following extract from his book has been furnished by 
Mr. G. denseu* : — 

“The great advantage which the air*tcst possesses over the water* 
test, is that the pressure applied by the former is uniform and of equal 
fvverity on each part of the drainage system, whereas it varies greatly 
in intensity in the ca«c of the water-test, the lower portion of the drain 
having to witlistand a much greater pressure than the upper end. In 
addition to tills, the test may he applied at all times and under all 
conditions, without reference to weather or lack of water. A rainy day, 
for inotnnee, is fatal to a water test, ns the min u ill find its way into 
the drains and make it iiiipo««iblc to ascertain whether they arc Bound 
or K’.aking. With an air-test, on llic other hand, the admission of 
water to the dniin, lie it by min or through a waste pipe, will have no 
effect than to increase the pressure within the drain. Any e.vccssivc 
])rc*.'nn: will, moreover, he unmedi.ately released by tlie safety valve, 
pliould it be undesirable to test above luij gnen pressure.” The upj'a- 
mtus referred to aho\e is .leiisen’R pncnmatic drain-testing machine 
(I’ig. i:.7, p. filV.i), which ►eenis eqiccially well adapted for the purpose. 

Peppormlnt and Smoko Teals- — In the case of old drainage, in order 
to nsfcriain whclluT tlicre is ninthing defective in tlio traps, apparatus, 
or joints of resulting' tn the emission of fcwcr-giis at iniiiro|>er 

j>lar<.s, ilif dnvins ninj be tested by either the jKjppermiiit or hinoke 
t'-«t*, winch will Is- fuiin<l >ery convenient for the jiuqiose, hut the 
j'ijs's iiiu*t Ik! uncovervd to make It elTeclivc, The jioppcrmint tci*t is 
at best oiiU a very npiigh and ready teat and nhnidd only he rcsortcsl to 
will n /itli'T means are not available. 

• .%f.HtfrH Jtrctmijr Imprrtti'n .SiMi/.iry .Vwro-yo 
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Inatructions for Peppermint Teat. — CurcfiiHy till \ciitilatlii;' 

])il»cs from Fon-pii>cs or ilrains ; vcntilAtiii^ eliuftH from (Irnitis ; 
for frc.«li air to dniinR, nr Kon»|ili*ci, rlc., I»y inc.inK of a daitip clotli or 
some clay. 

Place about a tabIc-R{H>onf(iI of the crude oil of ]»f[i])cnniiit in the 
pan of the topmost w.c., and (^dually |>otir in about a j^allon of hot 
Tvater. If the peppennint makes it«elf felt Inside the house, or in the 
drain outside, it indicates a defect in the poil-pijs-H or drains, fare 
mu«t 1)6 taken to tightly cIo«c the door of the w.c., sUipjiing all the 
cracks, and the person putting the jKipjwrniint down inu«t not emerge 
until the tc't has Ixcn fini«lied, ns he, of c^mrse, would taint tin- air in 
his Ticinity,con®cfjuentIy two jiersons must !« employed in applying the 
test. (Petroleum, torol^enc, oil of rovrmarj', ether, or other strong- 
smelling essential od may al*') Is; UH-d, hut is jijiennint is eonsidered the 
best for the purpose.) 

This should be repeated m the lower w.c.’«, so ns to te*t all the sinks, 
aths, yard gullies, and any other outlet for watfr c^mnccte/l ivith the 
ins. An outside gully may be similarly utilized for applying the b'St, 
better still one of the ventilating pipes on the nxA of the hou«e, 
carefully plugged after ix^orlng down the hot water 
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The Pneumatic Test. — This lest consists in the substitution of air 
under pressure for the water used in the hydraulic test. One of tJje "feat 
advantages it possesses over the latter is that it can be readily applied 
to vertical soil pipes and house fittiags for which the hydraulic test is 
more or less iiiapplicahlo ; the pressure exerted is also susceptible of 
modification according to circumstances. Drain stoppers are used to 
close the outlets, traps and ventilating shafts where necessary to confine 
the air \Yhich is pumped into the drains, etc., cither by the Eclipse smoke 
generator (Fig. 458, p. r);l9) or by other suitable apparatus. A few 
strokes of tlio pump handle ore all that are required, and if after this 
the copper float is found to remain stationary, the inference may be 
made that the drain is sound, if however it falls a leakage is indicated ; 
this should then he localised by the .additional use of the smoke or 
peppermint test. 

It should bo rememhored that a pressure of 10 lbs. corresponds to 
a height of 20 inches of mercury. 

'Pho following extract from his book has been furnished by 
Hfr. 0, douseu*: — 

“'Pho great advantage which the air*tcst possesses over the water- 
tost, is that the pressure apjilied by the former is uniform and of equal 
Fi'vcrlty <m each part of the drainage system, wlicrcas it varies greatly 
ill Intensity in tlio case of the water-test, the lower portion of the drain 
linving to withstand n much grc-atcr pressure than the upper cud. In 
iuhlition to this, (ho test may be applied at all times and under nil 
i'oiiditi(iii‘«, without ix'foi'cncc to weather or lack of water. A rainy day, 
for iu'^tmioo, is fatal to a wafer test, ns (he miu will find its way into 
Iho ilridiis imd inako it impossible to ascertain whether they are sound 
or loaklng. With im air-tost, on the other hand, the admission of 
wiiti'l* to llio dniin, ho it by rein or through n waste pipe, will have uo 
olPoot (lum to iiu’ivaso the pressure withm the drain. Any excessive 
pii'ftsujv will, moivovor. be immediately reJe.nsc<l liy the safety valve, 
Khoiild It ho imdosiniblo to test oIhivo am given pressure." Tlic nppa- 
mins lefoired to iiluno is denseu’s pneumatic ilrain-testiug machine 
f'*''-'). whieh mwihs cs|K'cially well adapted for the purpose. 

IVppovmlnl and NinoUo Touts.— In Iheeaseof olddmiiiage, in order 
to nseoimiu wlielhor iheiv is mijthing defei'tiw' in the trap, apparatus, 
or jotuM of pipe!*, ivsultmg in the omission of sewer«gas at improper 
the drahi'i may be te<i»Hl by either the i>epivermiiit or smoke 
t*'-*!!*. ulih'h nil} be f*»uml lery conn'iiient for Ilie pnrj>osc, but the 
pipoo mn'l bo nu*M\ored to nwke il ctTi'ctive. The jvppcrmint lest is 
nl beitt «ml\ a very ixoigli nnd iva*ly test and should only be rcsorte*! to 
when I'tlior nirans niv not nvailaWe. 

• PoiiMer S.tnif«ry 
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InntnicUonB Tor Peppermint Test. — Cnrcfiill}’ cld'O all \ciitilaliiig 
pijvs from <ir tlrainB ; Acntilalttig r^liafts from drains; inlets 

for frc»h air to drains, nr foiI-j*i|*cs, ctr., I*y means nf a damp clotli or 
sonic clay. 

Place abiitU a table-sjxKjnfuI of the crude oil of |tep|>crmint in tlie 
pan of tbe topmo«l w.c., nnd gradually jiotir in about a gallon of hot 
water. If the i*eiij>crmint makes it«olf felt inside the house, or in the 
drain out«idc, it indicates a defect in tlie poil-pu'cs or drains. Care 
rnn«t 1 >g t.akcn to tightly close the door of the w.c., stopping all the 
cncks, and the jw-rson putting the |)cpi)crmitit down must not emerge 
until the lost has Ikth fmi«hc<l, as he, of cntjp-c, would taint the air in 
Ills vicinity, consequently two pcrs«ms must l>c employed in applying the 
tc«t. (Petroleum, tcrclicno, oil of rosemary, ether, or other strong- 
fmelling essential oil may al«o lx; but |>cppcrmint is considered the 
l)cst for the purpose.) 

This shonld be repealed m the lower w.c.’p, fo as to test all the sinks, 
baths, yanl gullies, and any other outlet for water connected with the 
drains. An outside gully may be similarly utilized for applying the test, 
but better still one of the ventilating pipes on the roof of the house, 
which should be carefully plugged after jwmring down the hot water 
charged with the peppermint. 

Smoko Test— The smoke test should l>c apjdied by using one of the 
pjnofcc'tcsting macliitios u<ed fur this pur|>ose. “The Kclipso smoke 
generator" (Pig. 4Ii8, p. .WO) is a very good one ; the pipe can be 
introduced into the drain through the water seal of a trap. 

The ventilators from soil and other pipes should not be closed until a 
constant discharge of smoke from their open ends is observed. 'When 
these openings are stopped the smoke in tbe pipes is subjected to pressure 
which assists in detecting flaws in the pipes nnd apparatus. 

The smoke should either be forcctl into the drams through a gully 
outside of tbe bou«o, or advantage taken of a ventilating opening 
so as to test the pipes and fittings for wc,’s, baths, sinks, or other 
apparatus directly connected with the drains, and where the drains run 
under any portion of a building, the smoke should be forced up the drain 
towards the house. If any smoke is risible in the house, or any smell 
of tbe fumigating material can be detected, it indicates defects in the 
drains or pipes sufficient to admit sewer-gas into the house. * 

It is very necessary, when applying the smoke test, to make certain 
that the smoke actually passes into all branch pipes, and that it comes 
into close contact with the joints between the dram and every fitting. 
A convenient way of proving this is to withdraw the water from traps 
by means of a syringe ; the smoke should then be freely emitted. 

The outside drams should also be tested in section between tlie various 
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tra]»s and j'ldlics ; if tliey consist of old brick oi stone drains, tJicV' 
probably leak, and are contaminating the caith. 

Drain Prcgs or StorPERS. 

Special drain plugs or stoppers are most useful in connection 
with drain testing. TJicrc are a great many varieties in the 
market ; the “ Addison ” patent drain stopper (Fig. -i.-iS), mannfactnrccl 
by Nicholls & Clarke, appears to be a 
serriccable article. 

Instead of having a bolt and nut by 
ubicli to draw up the flanges, a brass 
tube and nut arc used, to which an 
ludiarubbcr sup 2 )ly tube can be very 
readily connected for use, cither with 
water, smoke, or otlier tests. 

The rubber ring A is made with a 
large snrf.icc to press against the inside 
of the pipe, and is provided with a 
bp C, 60 that the pressure of water on 
it tends to mnhc the joints more secure. 
These stoppers c-vpand about fire*eighths 
of an inch, thus allowing for variations in the sizes of pipes by difierent 
makers. The rubber cannot pinch between the two discs, as it is held 
in position by the guide B. The stopper is fitted with an inside 
tube D, sealed by a screw cap F, winch, when unscrewed, allows 
the water to escape after being used for testing. The ovpanding is 
easily effected by serening the nut E, which is provided with long 
wings for the purpose. 

They arc supplied in the following sizes: — t, 6, (!, 8, 9 and 10 inches. 



Fin. 45d. — Jones'a Patent Pipe Stopper. 


Jones’s Patent Pipe Stopper. — ^iVnotlicr patent drain-pipe stopper 
(Fig. 45G), for a 2 )p])ing the water test to drains, or arresting the flow 
when they are under repair, etc., consists of n bag of indiariibber, or 
some such material, to nliicli is attached a flexible tube with a tap at 
the cud connected to .a sra.ill Imnd-pumi). TJie bag is jilaced in tlic 



Fio. 455.— The Addi'-on Patent 
Dram Stopper. 
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drain before inflation, and by \^orking the pnmp it is quickly filled with 
air under Buflicicnt piessme to dam up the drain or prevent any escape 
of gas. Turning o(l’ the tap cau'ies the bag to collapse, wlien it can lie 
removed. Tliesc bags aiu inadeiudilTeient sizes to suit various diameters, 
and have secured the appi*obation of most leading sanitary scientists. 

The Jensen Pneumatic Drain-testing Machine. — “ It consists of a 
force-pump (A) (Fig. 457), such as is u««d for inflation of drain bags, 
by means of which air is pumped into the dnvins, and an attachment 
consisting of a pressure gauge (U) and a safety valve (C). Tfie gauge 
indicates the pressure applied to the drains, whilst the safety valve 
enables the Inspector to regulate 
the maximum pressme to be 
ftpplied. Should he, for instance, 
desire to apply a test of 0 lbs. to 
the square inch, the safety valve 
is set at that pressure. On 
pumping, any preseure m excess 
of the 3 lbs. will be immediately 
liberated. The pump is screwed 
on to the cock D, tlie cock E 
being provided for attachment 
to i> tubo pnssing ti.rous!. tte fo T/,™" M.’ctr'’’' 
plug or bag with which the 

drain has been stopped When the desired pres^sure has been obtained, 
the cock D is closed, and if the drams arc leaking, the reduction of 
pressure in the drains will be indicated on the pressure gamre” (JMmi 
Diahiage Inspection ami SamUn y Surveys). 


Smokk Oexkratoks 

Tho Eclipse Smoke Generator, refeirwl to on p. .>37. is «linwn 
in Fig. 4.">S. Jlessis. IJurns A llaillic. the nianufm tiirtr*. claim that 




I'll. C.'.— Tl» EtllI>^5«n<>l.c<5c'irra!T 
this is the only snioki gx lurator v\hi«.!i applii-* a 

It coti'i'ts of a diinbli'-actioii iKnow* covtrvl wnli fji'T-inllr j ji*"! 
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tests, due to mismniingement or the careless liaudliug of the necessary 
chemicals. 


Kemp’s Patent Drain Tester. — ^This is n very useful invention, and 
is represented in Pig. 463. It is very easy of application : it is 



Fid 46:i — Kcnn’V 
FatcutDrainTi-ftir. 


only necessary to remove the cover of the ho.x and 
then secure the cover, lowering the “ tester” into the 
u’.c. pan or guliy; n pail of ^^atcr, preferably hot, 
should bo imiuctliatcly thrown into the trap to wash 
the “ tester ” mto the dniiu, where the contents Avill be at 
once discharged, producing a strong odour and a largo 
volume of smoke in the drain. Defects can bo 
readily detected by the pungent gas and smoke thus 
made lindiug its way through defective points, etc. 
Tlic string with the spring and cap attached can bo 
nitbdrattu from the tr.ip, so ns to prove that the 


contents lias been satisfactorily discharged. Tlicir cost is Is. each, 


post free. 


Pain’a Smoko Cases or Rockota me intcuded to be placed in tlie 
drain. Tlicy me provided with a couple of thin strips of aood which 
when turned at right angles to the cascc'ctcnd on citlicr side siillicicntly 
to keep It off tlio invert of the pipe ; these rockets barn foraconssidciablc 
time, and emit a dcn.se volume of smoke with a pungent smell. They 
are supplied by James Taiii & Sous. 


Diirnett’a Patent Smoko Drain Tester. — The use of this test is 



e.tcinplilicd in Fig. 1C4. The 
test IS shoHii inserted in the 
trap, whicli should be done 
after flushing it with water; 
the match is ignited, and tlic 
smoke case j<i passed through 
the Water by means of tlic 
Imiidlc into the dmin side of 
the trap. To find tlic outgo 
of the trap, a slight tivisting 
raovement of the handle is all 
that is necessary while insert* 
ing it. The tester should be 
left in the tiaji for about ten 
minutes before withdrnning 


it, Ily this means the drain ih clmiged with .a dense and pungent sinoke, 
ahich will readily e6cai*c through any defect in the drain, thus shoeing 
plainly by sight nnd smell where it exists. Tfic manufacturer is 
Jlr. II. D. Ihirnctt. 
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Dl'siNFr.CTAKTS AXIl DlRlNTECTINQ. 

Disinfectants. — ^Tho term ** clisinfcclnnt,” wliicli is now in general 
u«c, is cmployctl in several senses. By some it is applied to every agent 
tliat can remove imparity from the air ; by others, to any substance 
wliioli, besides acting as an air purifier, can also modify chemical action 
or restrain putrefaction in any substance, the eflluvia from which may 
contaminate air ; while by others again it is u«cd to designate the sub- 
stances which can prevent infectious disease from spreading by destroying 
their specific |X)i«ons. 

Es|tcrimcnts liuve been conduclcel to determine the action of 
various disinfectants, in a greater or Ic'S state of coiiceiitration, upon 
definite nncroljcs, and it has been found jws-rible to define the dcgice of 
concentration necessary to constittHc some of the chemical substances so 
employed as germicides. Many powerful deodorizers arc not germicides 
unless highly couccntmtcd, although they may for a time render organisms 
inert by preventing their growth without .ictiially destrojiiig them. 

Tlie following list it is thought may be useful, and is, thercfoic, 
appended : — 

Disinfectants, Powerful or Oormicides. — Capable of destroying the 
most resistant microbes, under certain stated conditions of strength, 
temperature, and time. — Eire, boiling water, steam, hot dry air, per- 
chloride of mcrcuty, carbolic acid, izal, cressol, iodine, tricliloride, osmic 
acid, permanganate of ^lotash, iodine water, chlorine water, bromine 
water, formalin. 

Disinfectants, Weak. — Capable of destroying microbes w Inch are uot 
in the state of spore.— -The powerful disinfectants more diluted, chloride 
of hme, hydrochloric acid, sulphurous acid, salicylic acid, chromic acid, 
creosote, caustic lime, soda, and potash. 

Antiseptics. — Capable of impeding or arresting the growth of microbes, 
but without necessarily destroying them. — Sulphate of zme, cliloridc of 
lime, sulphate of copper, sulphate of iron, perchlonde of iron, boracic 
acid, bopii carbolic oil,* thymol,* oil of turpentine,* eucalyptus oil. 

Deodorizer, but not an Antiseptic. — Permanganate of potash 
(Dibdin). 

Aenal Deodorants. — For fumigation. Chlorine gas, sulphurous acid, 
nitrous fumes, ozone, euchlorine, formalin. 

Powders for Disinfecting Purposes. — Jlanufactured and sold by thf 
Various makers wliose names are given in the brackets. Izal powder 
(Xewtoii, Cliambcrs A, Co.), sanitary powder (Jeyes), sanitas (Sanitas 
Co ), eucalyptol (iinckey, ilackey i Co.), chloride lime (Greenbank 

• ClucHj used .Is (Icoloraiits for concealing odours. 
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Alkaline Co.), surgical and tooth powder (Jeycs), carbolic acid 
(Mackey <k Co.), pinewood and eucalyptus (Mackey & Co.), boro phenol 
(Calvert), kanpborkalk (A. Hornby), oxynite. 

Liquids for Disinfeeting Purposes. — Manufactured and sold by the 
various makers whose names are given in the brackets. Izal (Xenton, 
Chambers & Co.), phenol (Bobemf), perfect purifier and Jeyes’ liquid 
(Jeyes), terebene (Cleaver), eucalyptol, c.amphorinc, sulphenic acid, 
oxychlorogeno, crcaylic acid, carbolic acid (ilackey, Mackey & Co.), 
emulsion (Sanitas Co.), krcsyline (Mackey), pixine (J. ‘il'heelcr). 

Use of Diainfeetants. — In any district where an epidemic prevails or 
is threatening, disinfection of all w.ater-closets, etc., should be cairied 
on systematically, either with solutions of chloralum, cupraliira, carbolic 
acid, Burnett’s fluid, or perchloride of mercury. Izal soap is very 
serviceable for scouring the floors of hospitals, sick rooms, etc. 

Any manuie heaps, or other accumulatious of filth that miglit exist, 
which It is inexpedient to disturb or impoesiblc to leraove, should be 
covered with powdered vegetable charcoal to the depth of two or three 
inches, or vitli a layer of fresh diy earth, or uith frcshly*bunit lime, 
if chaicoal cannot be obtained. 

Cesspits and midden heaps may be disinfected with solutions of 
copperas (3 lbs. to the gallon of water), or with cupralum or chloralum 
(l ib. to the gallon of water). 

Cooper’s salts might be used for the streets, lanes, and open courts. 

It need hardly be said, however, that in a toan or district well looked 
after by the sanitary authorities no such filth accumulation as above 
mentioned would be allowed to take place at any time. [Sec IlandhooU 
of Hyfjtaic (IVilson), page .385.] 

I 2 ai. — Izal, which is a comparatively new disinfectant, extracted 
from an unknown oil obtained from certain coke ovens, is a creamy 
looking emulsion, having an eartliy smell, coupled with a faint odour 
suggestive of phenol. It is readily mixed with water, forming a milky 
emulsion. TJic following notice of izal appears in the Theory and 
Practice of Hygiene^ by J. Lane Xottcr, JI.A., JI.I)., and B. II. 

Tirth, r.n.c.s. 

Its disinfectin'; jiroijerties hasc been extensnely inrestisatctl by us and found 
Knti«fjctory. A ^0 {'cr cent, emulsion destroyed the highly rasisting sjxirca of 
]i. tubtilii nnd 71. vifmentenrus in tldrty-flre minutes. A ID per cent, emul-ion 
killed virulent (.jiorcs of nntlinix Incilli in twenty minutes Non-spore bc.nring 
flpecimctis of the n'lorc IncilIi were dest nwed after li^cinuiiite',’ exposure to 0 fKir 
<ciit., nr 1 in L’<H> ctnul-ion A 03 per cent eimilsKm ilcstrn.^cd tlio streptococcus of 
Viis ; niid cxpo'ure fur half nti hour to i» I jtcr cent emulsion was siifllcieiit to 
dft-tror the enteric: fescrUacillus and the ftpinllA of cholcm. 

Our ob-crvatioTis dis{M>ic us to regard iral os n disinfectant of con«i<lcral>Ic 
practical ralue, aud that for concrete ca«cs of disinfection of morbid mnfcrinls from 
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tlic tarioii* iiifi'climivOis.jnlcr*, aii cxi>u«nn: for hftccn niintiU-s in tlic strength of 
1 jH-’f cent will !*: siidlcicnl. Morcorcr, Iral, 1>cing free from j>oi«jnou'j proj'crties, 
when inlroducol J>y injection into tlic Iksucs or when ndmmistcrcd by the 
stomach, i>o^c*!s^* rjunhtic^ wWcli practically no oilier efficient disinfectant nffonls. 
The inhihifory or antiseptic \aliic of Iral N equally dcfincil, as neither siwrcs, 
iiucrococci, nor non-si<oring ItacilU and spirilla can germinate in medicated media, 
it the nmount of di'infectant addcil l«rt 1 jicr cent. 

Formalin. — rormaliti fg the short tenn gtvett hy thc.Schen'ng factory 
to a satunited 40 i>cr cent, solution of fonnic aldehyde, tlic product 
of imperfect oxidatioit of alcohol. For- 
malin is supplied in varions forms m a 
liquid state, ntid also in a dry form for 
gasification ; the gas is harmless and 
antiseptic, it has great pctictrating power. 
Pry formalin in any quantity is abso- 
lutely harmless to the human orgniiisni, 
but is convertible into active formalin gas 
by a very simple and easily managed con- 
trivance in the shape of a lamp (the 
“Alformant," Fig. 4C5), patented by the 
Formalin Hygienic Co. in this country. 
This lamp Itad to be so constructed that 
when the stable body “ paraform " was in 
the action of subliming, o suiricient quantity 
of water and carbonic acid should be led 
<65 — Th« “Alformant” over the product of sublimation to convert 
isin ecting Lamp active formic aldehyde, and this 

could be done by no other medium than the water of combustion 
supplied by a spirit flame. The whole of the paraform, hy proper 
application, can thereby be converted into formalin gas, and the supply 
of gas is thus rendered simple and concise. Pr. A. B. Griffiths states : 
“Paraform, or formalin in tablets, is a white solid, and is the polymer 
of formalin ; it is a stable chemical compound not altered by beat, and 
only moderately antiseptic.” This formalin gas obtained by means of 
the “Alformant” is far more eflcetive as a germicide and a deodoriser 
than anything in the market. It may be stated that 1 giamme of 
paraform is equal to grammes of liquid formalin, which is the 
saturated aqueous solution of 40 per cent, of gas. Formalin is supplied 
by the Formalin Hygienic Co., Limited. 

Reevozone. — Chaiges of lleevozone for purifying the air in sewers 
are supplied by Beeves Chemical Sanitation, Limited. A very strong 
oxygenating vapour is evolved by the reaction of the chemicals, which 
deodorises and disinfects the sewer-air, and at the same time a strong 

S.K. X X 
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disinfecting mid deodorising solution is discharged into the sewer. 
The value of this system, from a public licalth point of view, lies in 
the fact that in the event of an epidemic occurring the whole of the 
Bcwer-air throughout the entire extent of any system of sewerage can be 
immediately purified ? and it is claimed, as the result of a practical trial, 
that if this were done the health officers would be in a position to 
almost instantly arrest the course of any zymotic ontbreak occurring in 
their districts. The whole sewerage of a fair-sized town could be dealt 
with in a few hours. For further information about the Reeves system 
viiU page 393, anie, 

Condy’a riuid. — Condy’s fluid, red and green, consists of a solution 
of potassium permanganate. It is essentially an oxidizing agent. It 
is odourless, and very useful for pouring down drains and w.c.’s. It 
arrests putrefaction for a short time, and prevents smell. 

Chlorido of Lime. — Chloride of lime is most powerful ns a deodorant, 
and also as a steriliser, cspcclaUy at a high temperature. 

Calvort’fl Cnrbolatod Croosoto.— Calvert’s carbolatcd creosote is 
stated to bo very efloctire for use in drains should any disease be known 
to ho in the locaUly. Tho net cost per gallon for not less than forty 
gallons is 1,<. 0</., the cask being Orf. extra. Abont a quarter of a pint 
would bo added to au onlinary bucketful of water. It is readily applied 
to tho drains by supporting the cask over a small water tank connected 
by an overflow pipe and syphon with the drain. 

Water can ho turned on to tho tank at any speed desirwl, and the 
proportiouul supply of carboUlcd creosote can similarly be regulated by 
a tap in the cask for drawing it off. 

'I'hia plan has Ivon adoplcil by Mr. 0. Jones, C.E., Borough Engineer 
at Ealiug, 

Method of Applfention.— Tho mctluxl usually adopted for tho appli- 
cation of dislnfootanla for pnriryuig houses, rooms, etc., is to close all 
oi'onlnga or ni'erlmYs m n honn' or iXHnn, and employ the fumes of sul- 
plmvom aoid, ehhivine, nUtvns neid.w v'thev gases, with the object of 
destroying tho germs of disease. But as these g!»ses are truly aerial 
doodoiants, tho ohjoot in view is not always elVecteih 

U is, thou'fou', thought best to give au e.\tri\ct from the report of a 
pioooss ivoommoudM by Bra. Dnproand Klein. 


ViUwt /h‘H» <1 /oVS'i t />#.<, /h.yvv, a-U AVeri, at Ifit 

/•ext .Uf/h'J c/ IhiinficUnit t\f A\v?m (chert KnhTit Fettr has 
ivrinusA 

Ih'oeut invi'stigatioua hn\e shown that gaseous suKstauevs, such as 
iieid gas ami ohlotino gas, nhieh haw Kvu often usal for 
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llio jmrpo'^c of dlsiiifcctlnj' rooms mid similnr localitic?, ciiuiiot be relied 
on, nnd tliat the only dismrectmit Ibat can be depended upon to kill 
micro*oipinism<!, particularly those capable of producing the infectious 
diseases, is a free application of a solution of pcichloiide of mercury. 
It is well to have this solution slightly acid, coloured also in such a 
way that it shall not readily be confused witli drinks or medicines, nnd 
proper caution should be given to prevent accidents in its use. 

“Tbo solution is made by dissolving half an ounce of corrosive 
sublimate and one fluid ounce of !>ydrochloric acid in three gallons 
of common water, with five grains of commercial aniline blue, or 
onlinaiy' violet ink, to give the fluid n conspicuously distinguishing 
character. Proper caution sboitid be given to avoid accidents, ns the 
solution is a deadly poison. 

•'The solution is easily made, keeps well, is very incTpcnsivc, and 
should not be further diluted, and is easily applied. The u'sc of non- 
metallic vessels (wooden or earthenware house tubs or buckets) should 
be enjoined on tho^e who use it. 

“The method of applying the disinfectant Tvill, no doubt, vary under 
(lifTcrent conditions, but the following may be taken ns im outline of 
the procedure that should be usually adopted: — 

** The walls should be thorouglily stripped of all paper or other 
covering and scraped. All skirting should be removed The floor 
boards should be taken up, and all rubbish nod dust found in the space 
under the joi«ta should be removed, care being taken that the scrapings, 
rubbish aud dust are not thrown away, but are burnt, ns they may con- 
tain infectious germs. 

“ After a thorough clearance Im been made, as described above, the 
whole of the ceilings, walls, joists, architraves nnd window linings, and 
any other fixed woodwork in the rooms, together with the spaces below 
the floors, should be carefully washed with the solution of percliloridc, 
prepared as above directed. The solntion should be applied with a 
whitewasher’s brusli. 

“ A syringe should be used to squirt the solution mro any nooks or 
interstices w’hich the whitewaslier’s brush will not properly reach. 
Whenever used, the solution should be liberally applied, and should be 
allowed to remain overnight. 

"Any dilapidated flooring or woodwork should be burnt, and only 
the thoroughly sound portions should be re-fixed, and these, before being 
fixed, should be thoroughly washed with the solution, allowed to remain 
over night, and afterwards washed with warm water, in order to remove 
the mercury. 

“ Ceilings and walls should be limewashed, and all fixed woodwork 
should also be washed with vmrm water, in order to remove the 
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tiicivitry." (.See /.Vyw/ on the Snniittnj Cvmhifon vf the Uirhmmt 
iiflrmfAr.t, l)nh\ii\, !)>' Sir. Ivogcrs KieW, C.Ii.) 

In executing the nborc rcconiinci><Iiition>i, tlie Morfcnicii slmuld l>c 
proviilwl with sj)ccia] clothing, white tlnck to fit over tlieir onlinao' 
uppan-'I, res/)Jwtorp, and ghr&t, and, farther, they should be 

made to wash tlicir faces before leaving work, at meal-time, etc. 

DJ.^IXFIXTIOX of CLOTIlEfi, IlKDDJNr,, FTC., UV IIr,^T. 

Tlie X/OcaJ {/overnment Ilo.'inl bad prepared hy Dr. 11. l\ rarsons, 
SI.l)., at! exhaustive rcrics of experiments M|>on the disinfection of 
clothing, etc,, hy heat, and the results of tlicsc oxpcriinents form tlie 
suhject of a Itcjjort* which was published In 188(>, and from wiiich the 
following extracts have been njnde : — 

Dr. Parsons first determined, in lonjunction with Dr, Klein, the most 
suitahlc infective tnattcr as the true test of disinfection, and studied the 
vims of sniue plague, of tuberculosis, and of nnthmx, all of which 
admit of being put to the test MjKin animals, both before and after 
ci;icrimculnl heating. 

The observers came to the conclusion that of these infections anthrax 
material was the most resistant toexerj- form ofheat, and thc> proceeded 
on the a«samption that arrangeroeiits which n ould nflbnl a litnt adequate 
t<i destroy anthrax, not only in its bacillar bat in it36i>oro form, might 
be trusted to destroy the |>olem'y of mfectiuiis matter generully. 

Having determined by a prolongwl serlos of cx|>t‘rinjent8 the degree 
ofheat to be attained and the combinations »ith moisture lu nhieli the 
heat was best ojicmtiic, Dr. Parsons oxnmmcd the physical cuiiditiuiis 
necessary for its proiluction in the rcquirctl c-omhinatimiB i mid tlien 
continuotl his rese.areh into practiatl questions ranccniwf^ thvwii‘h.v/)''m 
by which the needful ttmdiliou'i for lic.at disinfection could Ijc ohlmmd. 

It was fccii to be nccc'san' so to arrange an iip{«rntns that lical ►hiuild 
l>enetralc bulky and non-conducting ortrdcs, and so flint the heat could 
lie used to dainty fabrics without iiijurr to their npjiearmicc or to their 
tcMurc. 

Dr. P.irsona csunc to the voncln«ion that all inhctcd nrticlc.s whicli 
c«'!!M Ite tfcnttil by Ixnhng wolcr, eo «s lo 2 >cnftralc the fuh'itancc 
tMicienlh by this means, without injury lo the nrticiis thcinselus 
could not be fo well disinfvttcd in ony other way as bi eiuipJo boiling 
for a few minutes ; (hat infcctcil articles whith from their nature did 
nol lend tlifinjclvcs to such Inriling had Is? treated with higli* 
prci.'urc sttarn, with such orrnngcimnt w xioiild ensure jicmtrution of 
the ^tewm at its high tera|<raiure, and that siicli tri'almcnl might 

* lltlra/*!' fn’W It.*" AnneuJ )»r}«rt of llitf Mol fal OfiWf i^t ll*'* (.oictn* 
K.'-ni JivtirU for !*•!. " t> •mfo'Cx.n l*j llr»i ‘ F/ri- X I*""'. 
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be relied on to destroy anyinfcctitc quality in them with the thorough- 
ness and rapidity timt were desired ; nnd that in the comparatively few 
eases where the articles to be disinfected would be injured by steam, 
a dry heat of 240° Fahr. would, if sufficiently prolonged, bring about 
the desiied destruction of infection, but that this could not, in the case 
of most articles, bo had by means of dry heat without an inconvenient 
length of exposure. 

The general effect of Dr. Parsons* Report was that there is no sort 
of disinftetor or disinfectant equal to heat, nnd that of all the methods 
of applying heat the use of high-pressure steam is by far the most 
generally available. 

The results of Dr. Patsons’ experiments were conclusive as to the 
destructive power of steam at 212° Fahr. upon all contagia submitted to 
its action. 

In one instance only was there room for suspicion that the disinfec- 
tion had not been complete. This was in the case of highly resisting 
anthrax spores c.xposcd to ste.am for five minutes only. 

As disinfection by heat is frequently used for the dcstniction of 
vermin in clothing, experiments were made to tc«t the clDuioncy of 
steam for this purpose, and it was found that lice were easily killed by 
exposure to heat, and that the eggs of lice exposed for ten minutes to 
steam at 212° Fahr., or which had been boiled for five minutes m water, 
would not develop. 

In order to secure the thorough and certain disinfection by beat of 
iwrous articles likely to retain infection, such as clothing nnd l>ci1tUng, it 
is necessary tliat the heat shall be made to jicrmcatc the iirticlcs in every 
part to such a degree and for such a length of lime ns to destroy all mfec- 
lions matter. It is true tlmt the outercasingof such articles as pillowh 
and mattresses is more liable to become soilcil nith infectious matters than 
the inner parts, yet the soaking of such nrticlf's with liquid di-charges and 
the movement of air which takes place within them would lead to tin' 
introduction of infected partitdcs into the interior of such article* 

Heat may he propagateil in scver.»l ways : — 

(1) It may be radiated from a heated solid l)od\. 

(2) It may be conducted tliruii'.;!! the substance of bo<lic*,e«i"tially 
solid bodies. The conducting jioivcr of dilVerent sub-t.iuixs tara* 
greatly, Itcing greatest in dense substances such as metals, and Ii vt m 
those which arc light ami |xirons in texture. 

(It) Heat is al'O conreyod tlirotn;Ii tl'iid*, liquid or gas-^ou*. by 
otirreiits set up by the alteration «» drii«ity doe to eipan«ion by 

Tlierc IS a iinr'ked diffcix’nee lKlive«*n tlie distribution of tenij*' rf.tir^ 
in a chamber heatiHl prim'inly by n radiant beat and one be:iS«-l ly l! *■ 
iidnii"ioii of lint iiir <ir sleim. 



550 


f^SlT^RT EKGXyEEP.LVG. 


liadi’ant h'iac ts m'-^f «'ic'C to i:-? scarce, di'mmishiD" rapiJIr 

a-) we retf.'^le from it ; it d«>es n«'C torn, corner^, and tbaa objects 
kin;: behind others are screened from it etrept so far as it maybe 
refiecied upon th^m ft*' mfthcr «arfai?es. 

On th»- other hamh if hearM air or steam be admitted into a chamber 
the lerop'-rdtore tf-nd- to e«|Tiali«e uself in the different parts, and the 
walls and heavy twnttnes of the thamber are heated to an eqcal degree. 

BoddiDL' blackete. etc . are articles offeniiir the highest resistance to 
the pn«saL’e of heat, and th^-y arv therefore eicttdmgly difficnlt to 
disinfect, and etj>ertn'ent'- w^re made Cu ascertain the relative con- 
dnetmg jujwer of sucli articles, and als/i of feathers, flocks, horsehair, 
rag-, etc , tht general re«^olc of which was that to procare peoetratton 
bv heat iff bulky article's of h.vilv conduciiDii material, high pressnre 
steam is by far the aueni 

A«i iN.impb- nf the th-Toudi offi. lency of tin-, medium, the following 
« .i-e> m?' b*’ 'pioted 

A bale of ' mton r.n:« luiirhing l''ii U»5 was exposed for a fieriod of 1 
hoiu to steam at I '» lb- }>re«*ure (e^ual to a leniptrature of i’sr Fabr.) 
j-houMic'a temperature lu the cvntre *ff the fwle <ff Kihr TTith 
steam at .hi l!i- piessmv m the jacket of the di.-infei ter .ind 1*» Ihs. in 
the interior, relavd ever) halt hour, a temporature of Kiihr. was 
obtained m iiours in the centn* of a bale of woollen Mg*, weighing 
nctuly cwi, 

IB a giinilar eiiiosurc of 4 horns a temperature ct Fain. Ha's 
obtrtiutd in the centre of a prc^s•packcd bale of cotton lair- weighing 
’> cwt. On the other hand, in an exj>t*i»ment witli the b.ik of latrsidioxc 
referred to when ovpo.«ed for 5 houis to a temjteraturc ol J7J F.ihi m 
air without pressure, a temjicratitre of onK 19.' Faht in the (eiidt was 
obtained. 

The iieuetratioa of iu-at m the form oi .slmm >'> ciaj-idcjabiy mded by 
pressure and is ruiihei aw>te«l b\ c<l«vmir the pH-'iire from time to 
time and re-nppljim: It 

Tiic latter i t!u t i- }/n»I>.>Mv pnKluccd l«\ displacing the cold air 
remniniug m the iutn^iucs of the niatcrm), ami {Id's i-i particnkily 
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inffctcil articles 'from snlimittin:; llicm to disinfection. If articles 
c.innot be cxjx)«c<l to a tcmi>eratnre Bnflident for disinfection ttitliont 
some risk of injurv, tltcrc is the danger that in order to avoid this risk 
the articles will not be heatei) to a temperature sufiicicntl}* high or 
safllcicntly prolonged to ensure their licing disinfected. 

The princiixil modes in which injur}' may occur to articles 
subjected to disinfection hy heat dilTer somewhat in the ease of steam 
from tliat of dry heat, and are ns follows : — 

(1) Scorching or partial decomposition of organic substances by 
heat. In its incipient stages this manifests itself by changes of colour, 
changes of tcitnrc and weakening of strength. 

(2) Orerdrying, rendering materials brittle, 

{.t) Fixing of stains so that they will not wash out. 

(4) Melting of fusible substances such as wax and varnish. 

(0) Alterations in colour, glos«, ole., of dyed and finished goo<Is. 

(C) Shrinkage and felting together of woollen materials. 

(7) 'Wetting. 

Overdrying of course can only occur when dry Jicat is employed, 
wetting only when steam or boiling water is used. Shrinkage takes 
place more with steam than with dry heat. Scorching is more liable to 
occur with dry heat than with steam. 

(1) Scorching occurs with different materials at different tempera- 
tnres. It occurs sooner in woollen materials such as flannels and 
blankets than with cotton or linen, whilst horsehair will bear a higher 
temperature still. 

Jlost materials will bear a temperature of 250® Fahr. without much 
injur}', bnt wlien this temperature is increased signs of damage soon 
begin to appear. 

Flannel and blankets exposal to steam at 200® Falir. for half-au-honr 
acquire a distinctly yellow tinge and their tensile strength is somewhat 
diminished ; while flannel exposed to dry heat of 220° Fahr. for four 
hours or a steam heat of 228° Fahr. for half-an-hour acquires a slight 
yellow tinge, hut its tensile strength is not appreciably imp.aired. 

Table 9(5, p, 552, shows the resnlts of experiments made by Dr. 
Parsons. In tlie experiments with dry heat the breaking strain was 
not tested until after the lapse of a day or more, so that the materials 
had had time to regain their hygroscopic moisture. 

As it appeared possible that the licat or moisture might affect the 
threads of the warp or woof differently, experiments in the case of 
flannel were made with strij>s tom lengthwise as well witli others torn 
across the breadth of the picce- 

• It will be seen that the colonr and tenacity of white fl.anncl were 
affected by even a modciate exjwsare to heat ; bl.inkels al«o were 



552 


SANITARY ENGINEERING. 


deteriorated in a minor degree. Cotton, black cloth, and silk, white 
and coloured, were little affected by temperatures under 300'’, though 
the tensile strength, especially of cotton, was somewhat impaired. The 
behaviour of leather is enriouB : it will bear a moderate application of 
dry heat, but is utterly disorganised by a short exposure to steam, being 
shrivelled and converted into a gelatinous texture, which becomes very 
hard when dry. See Table 97, p. 553. 

TABLE 3C. 






Tensile 


MatenaL 

ExpoiM] to 

Tim«, 

Shnnkag 
per cent 

e Strength 

Colour. 




nfter. 


White flannel 






„ length 

Steam 264® 

hht. 

60 

100 : 88 ; 

Distinct yellow 

„ breadth 

II 228* 


6-7 

100 : 88 1 

tinge 

.. length 


6 4 

100: 97/ 

Yellowish 

„ breadth 



4-1 

100: 96] 

tinge, 

„ length 

„ 212* 


6-8 

100 : 92 I 

Slight yellow* 

„ breadth 

Dry heat 220* 

4 brs. 

60 

100 : 100 1 

ish tinge. 

.. length 

1 6 

100 • 107 1 

Yellowish 

breadth 

II 2W® 


08 

100: 93 j 

tinge 

length 

2 bra. 

20 

100:100) 

Yellow tinge 

„ breadth 

Simple washing 


0-4 

100; 95 f 

dark in places, 
Very Blight 

„ length 


68 

100 132 

„ breadth 

Simple washing 


7-4 

100:102) 

change. 

,. length 

Doiiiog iratcr 

^hr. 

84 

100 : 8' i 

Dirty yellowish 

„ breadth 

Boiling water 


69 

100: 9.5 1 

tinge. 

Tape, Cotton 

Steam 260* 

„ 251* 

4 hrs. 
i hr. 

? 

1*4 

100 ; 82 1 
100: 80 L 

Little altera* 
tion. 


„ 212* 

5 hr. 

20 

100 ! 77 1 




j 

No (liscoloia- 



Dry heal 230* 

4 brs. 

0 35 

100 • 73 [ 

tion, lost 
glaze. 



„ 280* 

2 hrs. 

0 7 

100: 73 j 

Slightly dark* 
enetl. 



4 hr. 

2-7 

100 t 73 

Lost glaze. 

Black Cloth*...... 


4 hr. 

09 

100 : 100 

No alteration. 

., 212* 

Jhr. 

00 

100: D0| 

Slightly dis- 
coloured. 





) 

Sliehtlr rusty 

- 

Dry hc.it 230* 

4 hts. 

00 

100 : 100 

ns if frem 
long wear. 

.. 

„ 2S0* 

2 hrs. 

08 

00 

100:100 j 
100: 100 f 

Do . more 
marked. 

„ 

Boiling water 

Jhr. 

dye tiavingrun. 

White Silk Ribbon 

Steam 251® 

4 hr. 

21 

100:100 

No alteration 

„ 212* 

j hr. 


_) 

No change in 


.. 

Dry heal 230° 

4 hrs. 

07 

100 : 87 ^ 

colour, lev? 
glossy. 




U35 

100 : 60 [ 



„ 280° 

2 his. 

scorched. 


Boiling water 

4 hr. 

1-0 

100 : 100 

I.ost ghzo. 


• This =.1111)110 of cloth liail nj>l»arenllj’ liccn alrc.i<l.v filirunk. 
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lABLE 1*7. 


ATllclM 

Exposrd t« 

Tini' 

ItCRUltl 




Blinvclleil nj> aud converted into 


Steam 2i0' 

ih. j 

B pelatinous Fubstance. very 



Lard when drv 

Shrirdlpd nji and converted into 


„ 212= 

^ mmotefc | 

a felatinoiiR Rub^tance, verj 
Lard w lien drv 


Y«j\iea\ 212* 

IVtt. 

) 

CiialttiTftd ' 

Creativ distorted by softeainj; 


22S* 

S minutai j 

of fdt and diForpauisation and 
Bhnvellmg of leatber lining 


j 

1 lit. 

Unaltered. 

TeUowisli and brittle. 

Tdlow tmpn. 

How tinse, pncLcred t-otne 
'rat bard and tiiTcadbave 
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occur where the iieat is iu the radiant form. To avoid mJ: of 
scorching the heat shontd not be allowed nmch to exceed I'nhr., 
and c^en this temperature is too high for woollen articles. 

4. Byaheatof 2l3°Fahr. and npnards, wlietherdry or moist, many 
kinds of stains arc fixed in fabrics so that they will not wash ouL 
This is a sen’ous obstacle in ’the way of the eniployment of heat for 
the disinfection previous to the washing of linen, etc., soiled hy the 
discharges of the sick. 

5, Steam disinfection is loappHcable in the case of leather, or of 
articles which will not hear wetting. It causes n certain aiuonnt of 
shrinkage in te.'ctile materials, about ns macli as an ordinary washing. 
The wetting effect of the steam may be diminished hy BuiToiinding the 
eliftmher with a jacket containing steam at a high pressure so as to 
superheat the steam in the chamber. 

G. For articles that will stand it, washing in boiling water (with 
due precautions against re-infection) may be relied on ns nn efficient 
means of disinfection. It is iiecessaty, however, that before boiling, 
the gros’jer dirt should be removed by a preliminary soaking iu cold 
water. This should be done before the linen leaves the infected place, 

7. The objects for which disinfection by dry heat or steam is 
especially applicable nro such as will not boor boiling in water, e.^., 
bedding, blankets, carpets, and cloth clothes generally. 

8. The most important requisites of a good apparatus for disinfec- 
tion by iicat sre (n) that the tcmpcratorc in tlie interior shall bn 
uniforoily distributed ; (b) that it shall be capable of being mamtained 
constant for tlie time during which the operation extends j and {<■) that 
there ehali bo some trustworthy indication to the actual icni(>croture 
of the interior at any given moment. Unless these conditions be 
fulfilled, there is risk, on the one hand, that articles exposed to heat 
may be scorched, or on the other hand, that through anxiety to avoid 
suclv an accident the opposite error may be incurred, and that the 
articles may not bo sufficiently healed to ensure their disinfection. 

ff. In dty.hcat cliambcrs the requirement («) Is often very far from 
being fulfilled, the temperature in different parts of the chamber 
varj'ing EOinetimce by as much as 100’ Fahr. This is csjiocially the 
case in apparatus heated by the direct application of beat to the floor 
or Bides of the chamber. The djblribuUon of tcmperulure U more 
uniform in proportion ns the source of he.at is removed from the 
cliamber, so that the latter is heated by currents of hot air rather than 
by radiation. 

ly. In chambers heated by gas, when once the rcipiired tcmiHimture 
has Itcctt atlaiijcd hut little attention is nccessnr)* to maiutain it 
uniform, and in the Inzst wade apjiarnlws this h mitomaticaliy j-er- 
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formed by a tlicrrao-regnlator. On the other hand, in apparatus heated 
by coal or coke the temperature continaally tends to vary, and can 
only be maintained uniform by constant attention on the part of the 
stoker. 

11. In very few hot-air chambers did the thermometer with which 
the apparatus was provided aObrd a trnstworthy indication of the 
temperatnre of the interior ; in some instances there was an error of as 
much as 100'* Fahr. This is doe to the thermometer, for reasons of 
safety and accessibility, being placed in the coolest part of the chamber, 
and to the bulb being enclosed for protection in a metal tnbe which 
screens it from the full access of heat The difliculty may be overcome 
by using, instead of a thermometer, a pyrometer actuated by a metal rod 
extending across the interior of the chamber. 

12. In steam apparatus the tbrcc rcqnircmcnts above mentioned arc 
all satisfactorily met, and for this reason, as well as on account of the 
greater rapidity and certainty of action of steam, steam-chambers are, 
in my opinion, greatly preferable to those in which dry heat is employed. 

13. It is important that the arrangement of the apparatus, the method 
of working, and the mode of conveyance to and fro, shonld be sncli as 
to obviate risk of articles which have been submitted to disinfection 
coming into contact with others which are afiected. 


The NoTTrxGiiAJt Steam Di.sikfectino AmRATi's 


The apparatus consists of a steel boiler with safety valve, water 

gauge, pressure gauge, and force pump enclosing the clo«et, .*» feet x .'»fccl 

X C feel C inches back to front, open at each end, 'Mth a gauge for 
showing the pressure inside. (See Fig. 4GC, p. "»G2 ) 

The ends arc clo«cd by two liollow steel door®, cnnncctctl to the boiler 
in such a manner by pipes that water is drained aw.ay and str.im 
nlnays circulating throiigli them; consequently the in«ide clo«ct m 
surrounded bi the inner skin or pl.ates of the boiler, which keep the 
Sides at an equal temperature with that of the steam Thus ilu-rc i« 
nhsohilcly no ixjcsibility of any condensation takini: place. There i* 
nl'o a chamber bniltm (he floes for beating the mr. connericd to t!i<' 
disinfecting closet by a pipe and valve. The apparatus is suppli'-<l 
with an exhauster, connected to the closet by the pipe and valve. I i“^n 
opening the valve and starting the exhauster, a strting cumnt of l.ol 
air parses through the closet, and coming in cont.art with the erticUs 
in«idc, prepares them for the adini««ion of steam. 

.^ftor articles have l>con disinfected and the steam cihac‘te-3, il e 1 


air is ng.iin turned on to carry off any steam nmainirg in t!.^ c •' 
Tlie articles when t.akcn from the cb'sit arc j>crrrt{ly dn a.^'l t.-' 


o <1 
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occur M-Jicre tlie heat is in the radiant form. To avoid risk of 
scorching the Iicafc should not he alloired mach to exceed Fahr., 
and even this temperature is too high for woollen articles. 

4. Bjaheat of SlS^Fahr. and upwards, whether dry or moist, many 
kinds of stains are fixed in fabrics so that they will not wash oat. 
Tin’s is a seiious obstacle in -the way of the employment of heat for 
the disinfection previons to the washing of linen, etc., soiled by the 
discharges of the sick. 

5. Steam disinfection is inapplicabie in the case of leather, or of 
articles which W)Ii not bear wetting. It causes a certain amount of 
shrinkage in textile materials, about as much as an ordinary washmg. 
The wetting effect of the steam may be diminished by snrroundiug the 
cliamher with a jacket contaiolag steam at a higli pressure so as to 
superlieat the steam in the chamber. 

C. For articles that will stand it, washing m boiling water (with 
due precautions against re-infection) may be relied on as an efficient 
means of disinfection. It is necessary, however, that before boiling, 
the grosser dirt shonld be removed by a preliminary soaking in cold 
water. Tliis should be done before the lioeo leaves the infected place. 

7. The objects for which disinfection by dry heat or steam is 
especially applicable are such as will not bear boiling in water, e.?., 
bedding, blankets, carpets, and cloth clothes generally. 

8. The most important requisites of a good apparatus for disinfec- 
tion by heat are (a) that the temperature in tlie interior shall be 
uniformly distributed j (J) that it shall be capable of being maintained 
constant for the time during which the operation extends j and (c) that 
there shall be some trustworthy indication to the actual temperature 
of tlie iiiteiior at any given moment. Unless these conditions be 
fulfilled, there is risk, on the one hand, tliafc articles exposed to heat 
may be scorched, or on the other hand, that through anxiety to avoid 
such an accident the opposite cnor may be incurred, and that the 
articles may not be sufficiently heated to ensure tbeir disinfection. 

9. In dr}’-heat chambers the requiiement (n) is often very for from 
being fulfilled, the temperature in different parts of the chamber 
varying sometimes by as much as 100® Fahr. This is especially the 
case in apparatus heated by the direct application of heat to the floor 
or sides of the chamber. The distribution of temperature is more 
uniform in proportion as the source of heat is removed from the 
chamber, so that the latter is heated by currents of hot air rather than 
by radiation, 

JO. In chambers heated by gas, when once the required temperature 
Jias been attained but little attention is necessary to maintain it 
uniform, and in the best made apparatus this is automatically ^r- 
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formed by a tberrao-regulntor. On the other band, in apparatus heated 
by coal or coke the teraperatute continually tends to rary, and can 
only be maintained uniform by constant attention on the part of the 
stoker. 

11. In very few hot-air chambers did the thermometer with which 
the apparatus was prorided aflord a trastworthy indication of the 
temperatnre of the interior ; in some instances there was an error of as 
much as 100® Fahr. This is doe to the thermometer, for reasons of 
safety and accossibilit}*, being placed in the coolest part of the chamber, 
and to the bulb being enclosed for protection in a metal tube which 
screens it from the full access of heat The difficulty may he overcome 
by using, instead of a thermometer, a pyrometer actuated by a metal rod 
extending across the intcriorof the chamber, 

12. In steam apparatus the three requirements above mentioned are 
all satisfactorily met, and for this reason, as well as on account of the 
greater rapidity and certainty of action of steam, steam-chambers arc, 
in my opinion, greatly preferable to those In which dry heat is employed. 

13. It is important that the arrangement of the apparatus, the method 
of working, and the mode of conveyance to and fro, shonld be such as 
to obviate risk of articles which have been submitted to disinfection 
coming into ciintact with others which are affected. 

The NoTTiNorrAM Steam Di.sikfecting Appabatus. 

The apparatus consists of a steel boiler with safety valve, water 
gauge, pressure gauge, and force pnropcDclosing the closet, Sfeet x -'‘feet 
X C feet C inches back to front, open at each end, with a gauge for 
showing the pressure inside. (Sec Fig. 46C, p. 5C2.) 

The cuds are closed by two hollow steel doors, connected to the boiler 
in such a manner by pipes that water is drained away and steam is 
always circulating throngh them ; consequently the inside closet is 
surrounded by the inner skin or plates of the boiler, which keeps the 
sides at an equal temperature with that of the steam. Tims there is 
absolutely no possibility of any condeiisation taking place. There is 
also a chamber built in the flues for heating the air, connected to the 
disinfecting closet by a pipe and valve. The apparatns is supplied 
with an exhauster, connected to the closet by the pipe and valve. Upon 
opening the valve and starting the exhauster, o strong current of hot 
air passes through the closet, and coming in contact with the articles 
inside, prepares them for the admission of steam. 

After articles have been disinfected and the steam exhausted, the hot 
air is again turned on to carry off any steam remaining in the closet. 
The articles when taken from the closet arc perfectly dry and do not 
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show signs of the treatment; no matter how delicate the fabric, it is 
Ii.irdlj possible to damage it bj* this process. 

The method of working the apparatus is as follows : — A fire is lighted 
and the closet filled with the articles to he disinfected. The doors arc 
closed and screwcil up, making a perfectly steam-tight joint. In the 
meantime the steam has risen to 20 lbs. pressure per sqnarc inch on the 
boiler, blowing olT at the dead weight safety-valve. This latter is of 
such a size that the steam cannot rise above 20 lb. pressnre, thus pre- 
venting any damage which conld occur through inattention. The 
cvliaustcr is now set to work by opening the valve and steam supply, 
causing a current of hot air to pass throngh the valve into the closet, 
Ihorouglilj drying tlic articles. 

After this operation has continncrl for some little time the valves arc 
closed. The steam is then admitted to the closet by another valve, and 
in about two minutes the pressure in tbc closet and boiler are the same 
as shown on the gaugc<. The pressure Is then incrc.ased until it blows 
oQ’ at tbc safety valve. The articles arc left in tbc closet from twenty 
to thirty minutes according to their character. Then the steam valve 
is closed, and the valve to exhauster opened ; this opejation allows the 
steam in the closet to escape, the pressure soon falling to zero. Tlic 
valves are again opened, the hot air passed through tlic closet, displacing 
any steam in it which wonld condense on the articles when the door is 
opened, also thoronghly drying the articles which lia^c been disinfected. 
In a few minutes the door may be ojwmed, the valves closed, and the 
disinfected articles taken ont on the opposite side of the apparatus to 
which they are put in. 

A temperature of 250® Fahr. is considered sufTicient to destroy all 
germs of infectious disease. Steam at 20 lb. pres.«arc has a temperature 
of over 250® Fahr., so thatnotonly is the temperature amply sufficient, 
but steam at 20 lbs. pressure almost immediately penetrates the articles 
even when the most non-condnciible material. 

This apparatus is manufactured by Messrs. Goddard, Massey & 
lYarner, of Nottingham, and by Messrs. Manlove, Alliott &. Co., 
Nottingham. 

A somewhat similar apparatus to the above, but on a inucli smaller 
scale, is manufactured by the above-named firms for sterilising snrgical 
dressings, instruments, etc., for use in operating theatres and hospitals. 

S.^NITATiy SIaXIMS.' 

1. It is the duty of cveiy householder to ascertain for himself 
whether his own bouse be free or not from well-known dangers to health. 

• By T. Pridgin Tcilc, M.A., as publislipl by tbc Naliona! Ileillh SociUy, 
Berners Street, London. 
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2. This duty, imperative at all times, is of smpassing urgency in a 
house where a coafineraent is expected, or a surgical operation to be 
performed. 

3. As a rule, the soundness of the sanitary arrangements of a house 
IS taken for granted, and never questioned until » drain-begotten ” 
illness has broken out. In other words, we employ illness and death as 
our drain detfctires. 

4. Whenever gas from sewers, or the emanations from a leaking 
drain, a cesspool, or a fooled well, make their way into a house, the 
inmates are in imminent danger of an outbreak of typlioid fever, 
diphtheria, or other febrile ailment, classed together under the term 
'* zymotic,’ not to speak of minor illness and depressed vitalitv, the 
connection of which with sewer-gas is now fully established. Sewer- 
gas enters a house most rapidly at night when the outer doors and 
uindows are shut, and is then perhaps most potent in contaminating 
the meat, the milk, and the drinking water, and in poisoning the inmates. 

5. The more complete and air-tight the pablic sewers of a town, the 
greater the danger to every house connected with such sewers, if the 
internal drain-pipes of the house be unsound and not dmonnccted. In 
houses so badly connected, sower-air is “ laid on ” ns certainly for the' 
detriment of health as coal gas for illnmination ; and you can turn off 
coal gas at the meter. 

(5. Every hotel throughout tlie kingdom and in our watering places, 
every house let as lodgings, ought to have its s-anitary arrangements 
periodically inspected and duly licensed. 

7 . A house in which children and servants are often ailing with sore 
throat, headache, or diarrhoea, is probably wrong in its drainage. 

8. Scamped drain work is oue of the most dangcrons of the sanitary- 
flaws of new buildings ; it is also one of the most common and one of 
the most difficult to detect, and is rarely found out except by means 
of the illness it produces. 

J). If you am about to buy or to rent a bouse, be it new or ]>c it old, 
inks care, hefore ym complete your lafyaiu, to ascertain the soundness of 
its sanitary arrangements with no less care and anxiety than you would 
exercise in testing the soundness of a horse before you purchase it. 

10. If yon are building a house, or if you can achieve it in an old 
one, let no drain be under any part of your house, disconnect all waste 
pipes and overflow pipes from the drains, and place the soil pipe of the 
WvC. ouhidc the hoase and ventilate it. 

11, If there is a smell of drains in your lioasc, or a damp place in 
ji wall near which a waste pipe or n soil-pipe runs, or n damp place 
in the cellar or kitchen floor near a drain or a tank, let no time l>e lost 
in laying bare the pipes or drains until the cause be detected. 
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12. If a rat apjwars tliroujrh the floor of your kitchen or cellar, and 
a strong cim-cnt of air blows from the ralliolc when chimneys arc acting 
and the window s and doors of the house are shut, feel sure that something 
is wrong with a drain. 

13. If you arc tenants and your landlord refuses to remedy the evil, 
do it at your own cost rather than allow your family to be ill. 

14. Jlany a roan who would be aghast at the idea of putting small 
quantities of arsenic into every 8,»ck of flour, and so by degrees killing 
himself and family, docs not hesitate to allow sewer-gas to poison the 
inmates of his house, even in the face of the strongest remonstrances of 
his medical adviser. 

15. A landlord may reasonably look for interest on money which he 
spends for the benefit of Ins tenant ; but he is committing little short of 
manslanghtcr if, by refusing to rectify 6.initary defects m his property, 
ht tavti hh oicn jxxkftal ihe expense of ihe heaUh and Uvesof Ins tenants. 

1C. If you be a landlord, do not intimidate your tenants or threaten 
to give them notice to quit if they complain of defective drainage or 
eewer-gas in the house. 



CHAPTER XV. 


SEWAGE DISPOSAL.— THE PEOBLEM. 

EfBeient Removal ITecesaary, — It has already been pointed out that 
it is most essential to health to provide for the efBcient removal of all 
decomposing refuse, as well as the foul water, from houses and factories 
as soon as possible, before putrefaction sets m ; the question of its final 
disposal then becomes a matter of the greatest importance. 

At one time, when communities were small, the final disposal of their 
sewage was accompanied with bot little dilEciilty ; the sea or the nearest 
river were the natural receivers into which it was poured without 
hesitation, and without any apparent harm or injury to other communi- 
ties situated lower down the stream. In the former case, no evil results 
followed, and in the latter also the action of the stream is of such a 
nature as to purify the sewage to « great ejteut by processes which 
are now daily becoming better understood ; the quantity, however, must 
not be too great. 

Self-Purification of Rlvere. — It had long been recognised that 
Nature carried on unaided in rivers and streams the process of purifica- 
tion of pollutions, but the extent of such self-purification had not been 
the object of special and prolonged observations on an extensive scale 
until the Royal Commission on Sewage Disposal took the matter up. 

The following information is extracted from the reports made by 
Professor Boyce, and Drs. MacCJonkey, Grunbaum, and Hill, to the 
Commission on Investigations of the River Severn in the neighbourhood 
of Shrewsbury. 

From these it appears that the stretch of the river over which the 
investigations were made measured 20 miles, starting from the County 
Asylum 2 miles above Shrewsbury Waterworks, and ending at Iron 
Bridge 24 miles below. 

The width of the river varied on this length considerably at different 
points, the average being 200 feet, the depth in the broadest parts in 
dry weather being inconsiderable. 

The velocity and discharge of the liver varied within very wide 
]iwits, as the following figures will show; — 
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On July 12, 1900, the Telocity was estimated at 30 feet per minote, 
the volnme at the same time being 112 million gallons per twenty»four 
hours; on January C, 1901, lbs velocity was 180 feet per minute with 
a volume of 1,055 million gallons. 

The streams entering the Severn are comparatively few in the length 
under observation, and with one exception are fairly clean. 

The town of Shrewsbury draws the water which it uses for domestic 
purposes from the river, and the intake is at a point where the river 
has already commenced to flow Ihroogh the town. 

"Within a comparatively short distance the whole of the sewage of a 
town of 28,396 inhabitants was discharged into the river without 
treatment. 

In 1896 the normal dry weather flow of sewage of Shrewsbnr)* was 
estimated at 844,000 gallons per twenty-four hoars, so that the total 
sewage entering the river from the town was about 1 per cent, of the 
volume of the stream, and in exceptionally dry weather the proportion 
of sewage might he greater. 

The conclasions of the experts were as follows : — 

(1) That the D. eoH is a most reliable test of pollution. 

(2) That the D. <oU is normally absent in 1 c.c. quantities of water 
takeu from the Vyrnwy watershed of the Ilivcr Severn. 

(S) That when the D. eoU ts present In a small stream, contamination 
from honses can be traced. 

(4) That small land drains arc comparatively free from B. (oti. 

(5) That the small streams rooning into the Severn often contain 
considerable quantities of the B. coli due to coutamiuation from 
prosimity to houses. 

(C) That the sewage of Shrewsbury causes o very great increase in 
the number of B. coli in the river, and that 16 miles lower down the 
effect of pollution can still be detected by the number of B. coli present. 

(7) That there is no evidence of the multiplication of the B. col! in 
the river water. 

(8) That the B. colt is present in considerable numbers in the mud 
of the Severn in the pollnled area, and that this mud may be the 
means of keeping up and extending pollntion, but that there is no 
evidence of the mnlliplicalion of the B. celt in the mud. 

(9) Tfiat there is comparison Kdween ' ’ '■of bacteria and 

B, coli, but the relative proportion of the JaUcr to the 

former is small. 

(10) That ’ ■ ’ <5* 

ficial and dt 

stagnant ba^ 
l>e taken. 
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(11) That sedimentation and side adhesion to the hanks of the 
solids in suspension take place, and that at places in the bed of the 
river anferobic fermentation occurs, whilst along the banks, especially 
in the wind and water line, »robic bacteria actively help to destroy the 
organic matter. 

(12) That certain places in the mer are very deep, and that these 
act as eateh-pils, that the stream in these places is sluggish, and that 
sedimentation is favoured. 

(18) Tliat in t})e destruction of orgauic matter, whethev solid or in 
solution, whilst the bacteria take the greatest share, help is also 
rendered by the protozoa and higher forms of animal life, by the 
sewage fungi, the chlorophyl containing protophytes and the river 
plants. 

(14) That the Sjihaerotihis naians is a test of sewage pollution, and 
that it is a purifier of sewage. 

(15) That there is no evidence to show that pathogenic bacteria 
multiply in either the water or mud of the river. 

(16) That seasonal variations in the number of bacteria occur, but 
taking the B. coU as the test for pollution that tlie number of this 
organism is dependent upon the numbers present in the 8e^^ase entenng 
the river, and that when the river is swollen and muddy the number 
is small owing to increased dilution, and that when the river is low the 
number is large owing to the lesser degree of dilution which the 
selvage undergoes when it enters the river. 

(17) That the effect of dilution of the river upon the sewage of 
Shrewsbury is most marked. That the average maximum number of 
B, coU in the river is only COO per c.c., which is much less than in an 
average Dibdin efSuent, whilst a short distance below {lollution the 
number decreases very considerably. 

(18) That there is a relationship between chemical and biological 
analyses. 

(19) That the Hirer Severn is a good eiampic of a river wlucli it 
would be difficult to class either as a potable or iion-potabJc strc.'im. 

It is true that the inhabitants of Shrewsbury consider it as uon-potable, 
for they do not drink the water ; but they use it for washing purjwses, 

.nd consequently there is always a liability for, say, milk to become 
ontaminated by beiug kept in a can which was washed with the river 
vatcr. This liability is increased by the fact that the ri\cr is 
iractically used as a tidal river, receiving as it does the whole of the 
intreated sevvage of the town. Again, the river in close jiroximity to 
he town is used largely for watering cattle. Cattle may therefore 
ontract disease from the water, and such disease may be communicated 
■^'^ujian beiugs. 
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The liver is also used for fishiog and has a recreative aud ornamental 
value. 

For these reasons we consider that it is as worthy of protection from 
pollution as any so-called potable river. 

That whilst it would be onerous to expect absolute sterility in any 
efSuent running into such a stream nolcss some simple method of 
sterilisation were discovered, yet a certain degree of bacterial purity, ns 
shown by the B. coji test, might be insisted upon in addition to the 
chemical tests, for it would indicate the extent to which the intestinal 
bacteria were leduced by the method of sewage treatment employed. 

(20) That what has been described in this rcjiort upon the effects of 
allowing crude sewage to enter the River Severn is also applicable to 
biological effluents. Crude sewage is an example of the worst form of 
pollution ; the effluents from biological methods of treatment arc examples 
of a lesser degree of contamination, because the solids m suspension in 
the latter are far less in amount and are in a fine state of divisioo, and 
the number of the B. coU is smaller. 

Shrewsbuty with 20,000 iohabitants, and luruiug crude sewage into 
the Severn, causes an average pollution of 600 B. coH commimts per c.c. 
(at the point of tnasiroum pollution) and this is felt 16 miles lower 
down. But if a large town like Leeds were similarly situated, and the 
sewage were purified by contact beds so as to contain 10,000 B. coU 
fowwmns per c.c,, the pollution would still be about 1,000 B. coU 
communii per c.c., and if COO B. celt communis arc felt for IG miles, 

1.000 would hb felt still further down. (Consequently in spile of the 
artificial purification, such a river would be m a worse condition tlian 
the Severn at Shrewsbury, which is admittedly bad. It follows that 
the purification thus attained would be insufficient, aud that some 
further treatment would still be necessary. 

The chemical results obtained demonstrated that the River Severn 
showed a marked recovery from its Shrewsbury pollution within 20 miles 
from the town. 

A furtlier series of observations were made upon tiic River Thames, 
commencing at Hampton above the tidal portion of the iiver and the 
water companies’ intakes, aud contmuing down to Barrow Deeps, 
•fS miles below the Crossness sewer outfall, by Dr. A. C. Houston, 
"ho formed the following conclusions : — 

I. The water of the River TTiames at Sunbury and Hampton, above 
the intakes of some of tlie London Water Compauies, is so far uns.ius- 
factory yroHi Ihe lactenologtcal povit of vtetc as almost to justify its 
dcscriptioa as extremely dilute sewage ; as, for instance, sewage diluted 

1.000 to 10,000 times. 

II. The Barking (Northern ontfall) and Crossnes-. (Southern outfall) 



570 


SUXITABr EXaiXEEnjXO, 


'‘chcajiroD.r pmiacaj " cBlaents resembk ia tiieir bMogfrai cciinio- 
5itioa raw sewage ; thc.v coutam about 100,000 coli-llke microl.os and 
about 100 to 1,000 sporcs of £. enleriiniis sparv^cncs res^vctirclv per 
c.c. During 3002 Ibe combmea \oIimic of emnent from ibe Barking 
and Crossness worU amounted to a dailj areragn of 232 million 
gallons. 

III. The bacteriological couditioa of the Eirer Tliames at Barking, 
CfossBcas, and Bur/leet is rerr nnsat/f&etorr. 

Crossness is about two miles below Barking, and Purfleet about fire 
miles below Crossness. Sj)eakmg in general terms, the water at these 
places contained about 100 to 1,000 coli-like microbes, and nsnaHr l to 
10 spores (but more often 10 than 1 spore) of B. cnUriUdif fjvrogojff, 
per C.C. 

IV. At Grars, about Jj\'e imles lower down the rircr th.an Purfieet, 
the w.atcr sbowod some slight cridence of improroineof, parfieularir ns 
rofntrxis the B. rolt test. 

V. At crocking, about tea miles below Otars, the Thames wafer 
siiows dofioitc signs of improrement. 

inth regard to coli-likc microbes, 11*5 per cent, of the samples con* 
tained 100, 57'“ i>er cent, contained 10, and 30*8 |>er cent, contained 

1 i^r C.C. 

As regards B. abont one-ibird of the samples 

contained lO spores and about iwo-lhirds i spore jwr c.c. 

Andgcil on this basis, therefore, the water at tins f>oint was, ns 
regards the B, eoli test, pnrer, and in respect of the B. enttrihtlis 
test senicrrhat le<s pure, than the water in the upper reaches 
of the river at Sunbnrr and Hampton. 

Apart from its cljcniicai compoaition, and ctinsidcred oalj- in re/erwire 
to hactcriological resnlts, the water at llucking was secminglv as fit for 
filtration nod water-works purposes as at Sunbnrr and Hampton. 

TI, At the Chapman Lighthouse, fire miles below llHckmg, the 
Thames w.ntcr was so far improred rclatirclr, as seemingir to rie ia 
biological pnritj (^na B. cali) with somi of the samples of fihered 
I^ondon water. AlKmt half the s.implcs contained less than 1 oob-Uke 
microl'e per c.c. 

As regards the B. (iilfriluiis spore^tnes lest, about four-fifths of 
the samples from this seclioa of the river gave a positive resnlt with 
30 C.C. but a negative nsnlt with 1 c.c. 

The allcgwl |*olfatioB of tbe Esset aad Kent foreshorrs east- 
wards of a line cronnectiug the Chapman Lighthou'e with Stoke, as a 
result of the discharge of the Barking and Crossness cCJuents isle ihc 
Thamci^, would thus appear from these d.ata to l>c \>ilhont svtificknt 
warrant. \ 
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VII. Tlic wntcr oblaiiiwl from llie Harrotr Deep was found to be, 

under tbc circumstances, remarkably aalisfactory, notwillistanding the 
fact that 5n,0()i» tons of sludge cootaiaing usually, according to results 
of tbc bacteriological examination, from l,n(tn,fi(>n to IU,n(if>,uO(>,OU() 
coli'ltkc microlK? |H.r c.c., and from 10,O(iu to 100,000 sports of />. 
tnUrtiiiUr per c.c., were licing dcpositcel weekly in tbe 

Harrow Deep. 

As regards colidike inicroltcs, the water liere usually contained either 
1 in lOc-c. or I in 1 c.c. About half the samples contained spores 
of li. fntrrihiUt rporo'jfnf% in 1 ac., while abont a third yielded a 
positive rc<ult with lo c.c. but a negalixe result with 1 c.c. Broadly 
speaking, therefore, the Chapman and Barrow Deep results did not 
dilTcr greatly as regards colblikc microbes. 

The Ji. entfrilulh tiiprcgent^ test, Ijoircrcr, yielded someirJjat less 
satisfactory results at Barrow Deep than at tbe Chapman Liglitliouse. 

It follows, therefore, that tbe ollegcil tnmis pollution of the Thames 
Kstoary, a? a resrilt of the deposit of sludge by the J^ndou County 
Council in the Barrow Deep, Is not supported by the results of tlie 
bactcriologic.al anahscs, 

VIII. It is a point wortliy of notice that, whereas ut Barking, 
Cro«snc<.«, I’urflcet, and Gm\s, colblikc microbes were much more 
numerous than E|)orcs of U. tnUnlitUs sjforogoies lower down the 
rircr the 1], tnteriluUi t)>orogei\ts curve actually encroached on and in 
some instances overstepped the li.eoh curve. 

These results probably indicate that the decline m cxcrcmcntal 
bacteria in the lower reaches of the river is due not solely to sedi- 
mentation and dilution, but also qua non-sporing forms, e.g., coli-like 
microbes, to destruction and death of these bacillary bodies. 

IX. Finally, and taking a broad and common-sense view of the 
wliole investigation, the following general inferences are perhaps 
warranted : 

(a) That the water of a tidal river grossly polluted m its lower 
estuarial reaches may alter a flow of some 25 miles become so far 
purified by sedimentation, dilation, aud the operation presumably of 
bactericidal agencies, as to become seemingly ns little objectionable, or 
in some respects less objectionable, bactenologienlly than certain of our 
public water supplies. 

(b) That the dojKisitiou in Iho sea of chemically precipitated sludge 
in enormous quantities, if cnrrietl out under proper conditions, need 
not result ncccs.'-nrily in ihe jnvdiiction of nuisance or serious pollution 
of the surrounding water, imd that such dejwsition may be thought 
of as an economicul iiud si'cmmgly not unsntisfuctory means of 
disjiosmg of this iiiiitciial. 



572 


sAxmiiy EXGixEEnrxo. 


Effects of Eilution.—The folbrnug extract is taicen from t)ie CaiUor 
Lwtures on liacterial Purification of Setrngo, dolivcreil Dr. Saraud 
fildca), D.Sc.Lond,, III.C., before the Society of Arts, on the ICtli 
January, 18'JO 

“ It is possible to form an estimate as to the amount of sewage which 
can be dealt with by n flowing stream, if one rvwmbcrs That the 
bacteria, always naturally abuoAinc in river water, are able by the aul 
of the o.xy^en dissolved from the nir to consume more or Jess rapidly 
the organic matter. It is evident that the volume of the sewage mul 
the oxygcji requii-cd by tlm oigmiic matter i» ns niaiiured by 
l^rmanganate, />., the ‘oxygen consumed,' should Lear some mlation to 
ri)D How of the river and its m-ration. Vut, in addition to tJiii, k h 
also desirable to take into account the amount of available o-sygen, as 
nitrate and nitrite^ sinoeil has been proved that, always w/th the help 
of bacteria, the o.xygcn of nitnUes and nitrites is nvaiiable for the 
buraiug up of or^anio matter. 

“ Prom these factors the foJioning formula; may be deduced. IHiere 
X is the flow of the stream, 0 the amount of dUsoUed oxygen, S the 
volume of the cflliicat, M the ‘oxygen consumed ’ by the latter, X t)»e 
avoilable o.vygcn, «s ntCrafe and nitrite, C the rath bctneeti the amount 
of oxygen in the stream and (hot which is rc<pnrc() to oxidise the 
organic matter in the cUIocat, then the c<iatvahnt url? !«?— 
XO»C(3I-X)S. 

ir/icn: the sewage is fresh, and no nitrates haw Urn formed— 

xo^evs. 

If X be less than -V, — A' == f?ie deficit of ovygen in the vfJJuetu 

requiring to be aupjilcmenlcd by the free oxjgen in the river : ‘'iich an 
cflluent will tlirow a burden on the r/icr, and cannot he caa»«lered in 
a K-atisfuctory state, and it will be a qiustion of u»lnme and 
circumstance.^ whether U can he |»em«ff«i to he discharged at all. 
This may be determined by the coiHidcratiQii that- if the n\nilnb!f 
oxygen of the r/tcr, X 0, be greater than the demand 01 ~ X) «'<, there 
will be n chance of tlie stream dealing with the inflowing bfpnd, Imt il 
the tveenc bo the ca*e, foalne*s will necc-s.'iri/y Bccrnc. ” 

U should U* jiointed out in thisconnecteon that the effect of ndtiction 
of th<i oTgiinic matter in se««ge hr dilution uith clean trater is not ipiiie 
the same ns reducing the organic matter to the p-uiie digrcr* by 6<»mr 
oxidising pro<x-s.i : the elltacnt under the hitler com3jJJi>i> weahJ Iv 
better than the former ; in other non!*, the tfllucnt fri'in the oxnbiiiig 
prwss would be Ic-s active m taking up oxygia or Uxvmwg pntrvUc 
tixe than the sewage brought to the kwic flrviigth by iliiution. Hus 
choald Ic* liome its mind when <vnsidennn the qm-'tion vf ftom) oviTfl»n-« 
iiiid the d(-gav <'f ddfition dc^iraWc. 
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Ratio of the Chlorioo to the Total Ifllrojren.— Dr.K IJM'-aI, !>>'. 
Loni, F.I.C., in hts Cantor I/^lnro«, (p. r.T) m 

manj previocs occasions he had pointed onl that n "rAli~nhti^n of t!." 
w/m bet^veen the dificrent fonns of uilro^rn n cVirrr id'A of 

the history and character of an cfnncnl thin a in''rc cn't'l'TAtioTi of jt« 
amounts.” lie drakes attention to the fact lint tli'' fnrm‘»tinn 

of free ammonia in the Iranfition or prrpiralory atAL'*’, nn<l Ih'' renter- 
sion into nitrite and nitrate at a later |t^riorl, tlKTv j* n cy'n'ifVrnhV 
dispersion of organic nitrogen in the fonn of innornnn* pn*'-*.’* 
Dr. Rideal claims to be '‘the first to propfxc an o\prc*Mf>ii fiT th'* 
measurement of this import.ant phase of the pnrificalion, olitaining the 
data from the rah'o of Viffhlortnf to Me toUt 
“In perfectly fresh oxcrct.a, t.ahitig the solids and ljqiji<l< logrther, 
the total dxednitrogen tomewhat cxcewls the cliinrine. nii« prni»>rtif'n 
will remain nnchanged when diluted ariih w.atcr cont.aining only the 
ordinary small amonnt of chlorine, ns tongas the nitrogen remains in 
fired forma. 

Therefore, the ratio is applicable to frc«Ii fownges pcncmily, indciicn* 
''■ill Iw Immediately nltcrts) by the pn'diictinn 

Cl and N in the parts of chlorine and nitrogen re«i>cctivcly, the 
Rsidnal ratio’ will be— 

r a 

‘ Cl 

b >n case of great dilution, with n high chlorine IV, in the water 

supply ** 


lit {“imulii is usually sumdent, lu the original c.xcreta 

it 11^^ ^ somewhat over 100 ; in fairly fresh sewages 

fall^* f bacterial cillucnts, on tlie other hand, tiic 

chtm!^ 1 indicate the gaseous dispersal of nitrogen. Wth 

of mu "mechanical treatment R will fall, owing to the abstraction 
fwitnr !!’ sludge. IVhere hca\7 nitrification has been the main 
: be little or no fall, this aifterwards occurring rapidly 

^enitrifiration, when the clllucnt is admixed with other 

Dr. Sidney Barmse, JI.D., M.RC&, etc, in his book The Purification 
''feing to chlorine (p 1C), saya “ The chlorine in seira 
1 s origin in common salt, of which it constitutes CO per ' . 

>m the sewage as salt in the waste from kitchens and in the 
ere IS also a certain amount of chlorine in all drinking 

present, to a slight evtent, in rain-water. On t» 
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hrgelj from ttooI sconring, large qnantitles of grease and fatty matter 
are contamed id the sen-age which, first of all, must be treated tvith 
enlphuric acid to crnch the grease. In Burton-opon-Trent, where there 
is a large quantity of brewery refpse, special treatment has to be adopted. 

The addition of the spent liqnor from the salphnte plant of a gas 
works when passed into the sewers may if of snfficient rolame have a 
deletcrions effect upon the purification process. 

At Sutton, in Surrey, the Oas Company in 1905 pnt down n snlphato 
plant, and tinned their speai Yiqoor into the sewers. The jjqjjor itself 
was comparatively weak, containing an equivalent of 0*15 per cent, 
of ammonjum sulpho-cjanid^ and amounted in rolame to about 
3 per cent, of tlie total sewage flow. 

The effect of this spent liquor upon the bacteria beds was at once 
apparent: the effluent became putrefactire and the medical olliccr on 
CNnmination found that tfie beds were being sterilised. As soon as the 
liquor was prevented from flowing into the sewers the trouble ceased. 

The Sutton Gas Company subsequently put down a purification plant 
for dealing with this liquor, and this plant has been so successful that 
no further tronble has resulted from the efflaent. 

Such cases as these mnst, of coorse, receive special consideration, 
and in a work of this nature it would be quite impossible to attempt 
eren to suggest the possible treatment in such abnormal cases. As 
above stated, in nil ordinary cases the combined domestic sewage and 
trade refuse can bo treated by the processes uhicb are applicable to 
domestic sewage alone, provided that the works are proj>crly devised 
and of siifflclent capacity. 

The following figures illostrale the varying composition of sewage in 
parts per lOOsOOO t — 

TAIII.K MH*. 


Ox>,-#n T'lUJ 


York 

^^'cst Urommeh 
IIiuMcrsficM 
LonitoB, 1900 .. 
LCCiU . .. . 

J}rn<lford . . . 

Jlttniey 
Birmingtnm 

Ynnllcr 

KeJfe’Wey 


The following table shows the great vanation in the sewage of llic 
City of .Mftuclic^tcr at dilTcrcnt times 


t-lfi 

St ST 



9 20 

Ji>yo 

U-.V, 

jr.uo 

I la 


SiD 

ala'll 


J'a-y 


4r-s 

in Mi*pcn‘-!on 

Il'30 

Uii-Ti 

CJl 

STroT 
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TABLE lol. 


Dilc. 

Otysen 

al>Horbnl 

Oiyxen 

•tworbeit 

SnunuUs. 

Ammonlv 
cat N. 

Album!- 

Clilorfne. 

Ci'iide SeicaQf. 






Mav, IStJy. 

6 99 

337 

2 33 

0-324 

ICO 

June md to AuR^sk loth. 

C31 

3*80 

247 

0 370 

ICl 

Tlirce months ending Deccm* 

IHC 

6 47 

2 01 

0 610 

106 

ber 26th, 1200. 

Six months ending December 

nil 

3 19 

2 23 

0 590 

17 0 

2Cth, 1900. 






Settled Sevage, 






Aug. 17th to Sent 1.3th. 1693. 

013 

361 

2 2S 

0-294 

ICO 

Sept. Ifith to Oct. Itlh, 1829. 

677 

291 

160 

0 276 

13 9 

Year 1699. 

C7.> 

3 62 

2 30 

0 330 

ICO 

Six months ending M.arch 

72J 

3 70 

2 21 

0 306 

ICl 

26th, 1900. 

Six months ending December 


3-93 

1 91 

0 335 

16.1 

27th, 1900. 







Enough has hccn said to show that the raw material to bo operated 
on at a sewage puriBcation worhs roaj mj in composition within rerj’ 
wide limits in different localities, and at different times in the same 
locality eren in drj weather. 'When the effect of the increased quantitj 
due to rainfall is taken into consideration, it is small wonder that the 
sewage problem is one the solution of which cannot be determined once 
for all by any one system which shall he applicable alike to all towns. 

Steps in the Process of Purification. — In almost all processes of 
purification the first step is to remove the matters in suspension, .md 
this is usually effected by allowing the particles to settle by grarity 
in suitable tanks, or by prccipilatjon by the addition of chemicals, or 
by liquefaction by bacterial action and settlement combined in a septic 
tank, or by assisting the latter actions by presenting large surfaces to 
attract the floating matter ns in Dr. Travis’ hydrolitic tank or 
Hr. Dibdin’s slate filter. These processes all produce a greater or 
less quantity of sludge which must be subsequently dealt with ; they 
Will be referred to more in detail later, and are merely named here to 
indicate the general lines of the methods employed. 

Having freed the liquid as far as possible of the suspended solids 
with their organic contents, th^ effluent from the first part of the 
process must be subjected to a further treatment, which has for its 
object the oxidization of the matters in solution, and their conversion 
into harmless inorganic cornponnds which will not putrefy or take np 
osygen from the stream into which it may he intended to discharge 
them. 

This part of the process may be effected by application to land or to 
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some form of bacterial filter, bnt if the latter it h usually nece.«;ny to 
hare a furtlicr process for the reraoral of the solids in fiusj)onsion uhich 
areevacaated by the filter; this can l)c cncetcd either by land treat- 
ment, filtration, or settlement in tanks or lafioons. 

By these means an cfilucnt can be produced which will be chemically 
pure enough to pass the standards at present in use for chemical and 
bacterial purity for non-drinking water streams, but ns to whether in 
the future cfllucnta to be disebarged into drinking water streams may 
not require some form of sterilisation for the removal of jiatliogcnic 
organisms is a matter on which considerable doubt exists. 

Dr. S. Rideal, in his book on ‘‘Sewage and the Bacterial Purification 
of Sewage,” thus describes the steps in the jirocess of jmrification, 
which lie considers should be divided into three or four stages ; — 


SulnUnc«i (!mU « Ith 


Cliaf3cl^n<{/c I’wliicU. 


Transient aerobic chaatres 
bj tile osj’C'^o of (be 
watcr-suppb', roi'ully 
passing to— 

^irst Stage. 

Anaerobic iKincf.nction 
and prcp.'ication b}r i 
byilfojys/s, 

Second Stage, 

Sembannembfe breakinj; 
<Joirn of rJ/c Inter' 
medinte dissolved 
benlics. 

Viird Stage. 

Complete ncrallon, oxirLi- 
tion and uitrificatiun- 


I'rca, Ammonia, and 
easily decomposable 
ni.at(crs. 


Albuminous matters 
Cellulose ami fibre, 
t'ats. 


Amido-compounds. Kntly 
ocitli. Ji/wlvo) n-'J* 
dues. I’benolic bobes. 


Anunonut and carbona- 
ceous residues. 


I Soluble lutrogennus com. 
|>oiiiids. I'bcnol den- 
ifltln's. (}»'•('*, urn. 
nionla. 

Ammonia, nitralcs. tn'c* 


00/11,0, and nltralc. 


Jfr. W. .1. iJibdiii, in n pni>cr read before tiic A.^ocinlion of 
Municipal and County Engineers in ,111110, laOlt, indicated tlie nature 
of tlie irork inrolrcd in eevrage ])nriric.ation by tlic diagram on p. r,79. 

He staled that to convert Hie organic siil, stances into Immilca 
inorganic uiallcr n sallk-ient iinanlity of olygcn nm<l lie bronglil into 
combination ivilli Hie nitmgen, hydrogen, and carbon, fo n. to form 
nitric acid, carlxniic acid, and ivalcr, liio agcnciin iiiailaldc for 
Hie reparation and ultimate ilcstmclion of rcivagc matters lieing : 
(I) (Iravily: (f) liiological action ; (It) Oiygcn i tlie tiro l.ilUr Uiiig 

inlcnkq>eii(k‘iit. , e •, 

llr. iv. 1>. .‘ktdt-MoiK-ricfi'.in a lopcrn-.id Udorc the Kotiil Siiinary 
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Institute in Jlarcli, 1907, diridcd the brcalcing douii of organio matter 
used as food into inorganic substances into three successive stages : — 

First, the changes wliicJi occur in the alimentary canal, whicli lie 
considered to be almost cxclnaively conSned to the action of anaerobic 
organisms. 

Second, tliose dne to putrefactive fermentation and liquefaction of 
^solids caused by anaerobic bacteria. 

And thirdly, the results obtained from the action of the nitrifying 
organisms or aerobic bacteria. 

He considered that the ultimate purification in a sanitary sense could 
be obtained from cither of the last two stagp.s, but stated that in nature 


Jin W. J. DrBnr.N'a Diaoham of Sewage rcnitiCATros 
Sewage. 

! 


KollJ:). 

f 


In solution. 
I 


In u«pcniion. 


SuIpiLtcs, 


Mineral. 

I 


Organic. Mmera!. 


Chlorides, 

etc. 


rho<|>halca. 


Sand, Clay. ChalL 


Atbunin, Oclatme, Chomlrin. i 
and their dcnraHTf^. 1 


I I ‘ 

Nitrogen, Hydrogen, Oxypn. Carl«'n.rle 
the second stage generally preceded the third and made the fub'.rijmrit 
action of tlic aerobic organisms much tnore rapid and complete, luit that 
the cBscnti.il character of the complcteil cycle wn« the crpanic 
matter contained in the senage should be delirorttl to tlie rrgini'ii « of 
nitrification free, ns f.ir as jiosciblc, from Ibe pre^'-nw of the orpani*:: * 
employed in the earlier stages and aKo from their ciiiymes »ir pn-d ctt. 

On the other hand. Dr. Tnujs bolds that the pn'Ct** of 
cl.irification — i.r., the removal of fusjicnilej m.sttcr — is in the i:.a'n if 
result of physical ojKrations and that l«artcria jday cnly a » .!•* Jia'J 
I»arl m this p-irt of the [lurification pn*ce'f>. 

Inn pajicr read byliim, in conjonction niili I.t. l*’l H- •'*. J''**-*. 
V.C., before the Institution of Civil K«giu(t.r> in r.‘'‘i • prat 


• rrococ>l.a“« ln»t. C.l., ' o’ ilAIVnl'*''- 
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sojue form of bacterial filter, but if the latter it fs nsiially necessary to 
hare a further process for the remoral of the solids iu suspension which 
arc evacuated by the filter j this can be effected either by land treat- 
ment, filtration, or settlement in tanks or lagoons. 

By these means an effluent can be produced which will be cheraicajly 
pure eDoag:h to pass the standards at present m use for chemical and 
bacterial parity for nou-drinking water streams, but as to whether in 
the future eflluents to be discliarged into drinking water streams may 
not require some form of ateriJisatjon for the removal of patliogetiic' 
organisms is a matter on which considcRible doubt exists. 

Dr. S. Rideal, in his book on “Sewage and the Bacterial Purific.itiou 
of Sewage,’* thus describes the steps in the process of purification, 
whicli he considers should be divided into three or four stages : — 


— 

Substances dealt nltb. 

Cliarsetenstic I’lxxtutt*. 

Jt/titiai 

Transient aerobic changes 
by the oxygen of the 
water-supply, rapidly 
passing to— 

Crea, ammonia, an<l 
easily decomposable 
matters. 


Fir4t Stai^t. 

Anaerobic liquefaction 
and preparation by 
hydrolysis. 

Second Stase. 

Scmi-anncrolijc hroaling 
down of the inter- 
tncdhatc dissolved 
bodies. 

Albuminous matters 
Cellulose and fibre. 
Eats. 

Aoudo-eompounds fMty 
acids. Dissolvttl resi- 
dues. I’iicbolic bodies. 

Soluble nitrrpcjiDus com- 
pounds. i'hcnol den. 
T.ntircs. (lascs, uni- 
monia. 

Ammonia, nKmio*, gnac- 

TJdrd Stage. 

Complete aeration oxida- 
tion and nitri^cation 

AroiDonia nml c.irbOB.i- 
ccOBw rcsiduui 

CO/lIgO, and nitiate 


Sir. W. J. Dibdiu, in a paper read before the Association of 
Municipal and County Engineers in June, 190(1, indicated the imturc 
of the work involved in sewage purification by the diagrxnm on p. f,73. 

He stated that to convert the organic substances Into harmless 
inorganic matter n suffleient quantity of oxygen muit bo brought into 
combination with the nitrogen, hydrogen, and carbon, so as to form 
nitric acid, carbonic acid, and water, the agencies available for 
the eeparntiou and nUiniate destruction of sewage matters being: 
(i) Gravity; (2) Biological oclion j (») Oxygen ; tlic two latter being 
iutcrdepemlent. 

Sir. W, 1>. SeotuJronc'riefl; in a l>apcr read before the Koyal banitary 
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Institute ill JInrcli, 1907, iliriclctl the breaking <Ioi\n of organio rnattcr 
used ns food into inorganic substances into three successive stages : — 

First, the changes which occur in the alimentary canal, which lie 
considered to be almost exclusively conflned to the action of anaerobic 
oiganisms. 

Second, those due to pntrefactive fermentation and liquefaction of 
^solids caused by anaerobic bacteria. 

And thirdly, the results obtained from the action of the nitrifying 
organisms or aerobic bacteria. 

He considered that the ultimate puriBcation in a sanitary sense could 
be obtained from either of the last two stages, but stated that in nature 

Sin. W. J. Dibdin's Diagram of Sewage ruaiFicAxiox. 


Sewage. 

1 


Solids. 

I 


lo solution. 

I 


In uspeasiOD. 


Sltneral 

_L 


Otgaaie. Mineral. 


Sulphates, Chlondes, Pho«pnatc3, 


Organic 


Sand, Clay, Chalk, 
etc. 


Albumin, Cclitinc, Chondrm, t gtJrch. Pat 
and their denvativcs. I 


III I 

Nitrogen, Hydrogen, Oxygen, Carbon, etc. 


the second stage generally preceded the third and made the subsequent 
action of the aerobic organisms much more rapid and complete, but that 
the essential character of the completed cycle was that the organic 
matter contained in the sewage should be delivered to the orgi'inisms of 
nitrification free, as far as possible, from the presence of the organisms 
employed in the earlier stages and also from their enzymes or products. 

On the other hand, Dr. Travis holds that the process of sewage 
clarification — i.c., the removal of suspended matter — is in the mam the 
result of physical operations and that bacteria jilay only a subsidiary 
part in this part of the purification process. 

In a paper read by him, in conjunction with Lt.*Col. II. S. Jones, 
T.C., before tbc Institntion of Civil Kngineers in 1905 * great stress 


• I’roccciling* Inst. C.K, Vol. TLXIN If0». 

IT 2 
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is laid upon tbc elimination of the colloids in sewage, these being matters 
of a gluey nature in a state of oUrcmelj line sub-diTision between the 
eonditioas of solution and snspension * ; and the opinion was expressed 
that in the case of the sewage of Bampton, if the suspended solids be 
removed by any preliminary treatment, then per cent, of the remaining 
organic matter is in the colloidal state. 

This view of the problem has become known as the Hampton* 
Doctrine and can best be described by a quotation from a paper i-ead 
by Dr. Owen Travis in July, 1908, before the Association of Managers 
of Sewage Disposal iVorks, as follows : — 

The Hampton doctrine teaches that the purification process is 
essentially a physical operation, being, in Jts complete expression, a 
continuous desolution action. In other words, the suspended aud 
soluble impurities contained in the sewage drop out of, or are, as solid 
or insoluble matters, absorbed from, tliat liquid as effectually as if they 
liad been entirely removed by a process of precipitation, to which, 
indeed, the action is analogous. Tlie doctrine asserts that the purifica- 
tion process is strictly a reversal of the collection and of the conveyance 
proc€sscs*-that is to say, the gross solids and other fouled waste 
products from the house are dischaiged into tiie ivater supplied to the 
house, aud arc conveyed by it to the disposal works. On their way 
thereto these matters are mechanically disintegrated, and more or Jess 
intimately blended with the liquid. In the treatment area the solid 
substances are physically reflocculatcd, re-collected, and the clarified 
liquid passes on. The fact that the liquid is not brought to its original 
couditiou of purity docs not in any way iuvalidaie the truth of the 
principle, bat is the fault of the meibod, or, mtber, is dae to the 
necessity of having fo jiass iaige volumes of foal liquid through 
comparatively open material in a limited area. The impurities are 
thus transferred from the bouse to tlic disposal works. These works, 
therefore, are essentially depots for the reception and for the storage of 
the solid matters which have been abstracted from the sewage, for 
that which was sewage is now, in virtue of a physical operation, a 
comparatively pure hquid which has passed on, having deposited its 
sludge m tbc treatment area. The doctrine thus denies that the 
purification process is, in any sense of the word or under any circum- 
stances, the result of bacterial action. These micro-organisms are 
' merely incidental, and their actions are but ancillaiy to the actual 
purification. The expression of bacterial activity is, though not 
ehtircly, yet practically limited to the consecutive operation upon the 
deposit^ and absorbed matters stored in the treatment area from 

» Colloids .ire sabsIflBCts in eolation wbicli not pass tlifough a jiorous 
memManc starch, en™. allrtunco and gelatine. 
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fcun-agcs already purified. Jlorcorcr, in this subsequent operation the 
bacteria arc but one of the many groups of sc.aycngere engaged upon 
the conversion of animal and vegetable excrete and dead matters into 
their living equivalents or into substances on their nay thereto. To 
this, the destructive part of the process, the word biolysis — to loosen or 
to break down by vital forces, or by the actions of organised beings — 
_ being the most comprehensive, is the most accurate. 

The doctrine is also at variance with the accepted theory in regard 
to the condition in which a laigc proportion of the so-called solids in 
solution exist in sewage. The usual division of the sewage solids, as 
determined by the filter paper, into solids in suspension and solids in 
solution is wrong, and has given rise to many erroncons deductions. 
This will be elucidated by considering the sewage of Iforwlch. This 
sewage contains, on an nvcnige per 100,000 parts, 1G5 parts total 
solids. Of these, C8 p.arts deposit in two hours’ quiet settlerocut, and 
may be accounted gross solids, capable of being removed by tank 
operations j 12 parts do not settle in that lime, and arc not dcpositnble 
by ordinary tank operations, but can be arrested on a filter paper, and 
are as fine solids recorded with the C8 parts as the solids m suspension ; 
20 parts will not diffuse through ap.irchmcnt membrane, and constitute 
the particles in colloidal solution; and the remaining C5 parts ore 
the solids in actual solution. These two latter are usually recorded 
together as the solids in solution, but the colloidal solution solids are 
as definitely suspended ns the fine and the gross matters above referred 
to, and ought to be classified with them as solids m suspension. Jforo 
especially is this so, since these solids are reciprocally related to each 
other. For it must not be assumed that the 20 parts represent the 
sum of the colloids m the sewage, but only that they are expressive of 
tho«e existing in colloidal solution, or m Jlmd mixture A very large 
proportion of the fine solids, and no inconsiderable proportion of the 
gross solids, are also colloid bodies, existing m the condition of sotid 
mixtures of fluid and solid. Tlie remaining colloid condition — the 
solid form — of which glass is the typical illustration, does not exist, 
excepting adventitiously, in sewage. 

The intimacy of relationship above icferred to is rendered erident 
by remembering that colloid bodies which arc amorphous substances, 
pass, more or less readily, from an obviously particulate to an apparently 
liquid condition, as well os the reversal of this operation, from a 
condition of solution to a liquid containing definite suspended matter. 
The important characteristic of colloidal solutions is that they consist 
of infinitesimally fine particles, held in suspension and disseminatcsl 
thiouglioiit the entire body of liquid. The particles can he scpanit^l 
from the liquid in a moment by passing an electric current tlirongh it. 
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or by adding a chemical precipitant to it. The particles will also 
separate out from the liquid spontaneonsly within a yariablo period of 
time, in virtue of the tendency of the organic colloidal solution solids 
to flocculation. 

Dr. Travis has designed a special form of tank which has for its 
object tlie removal of the colloidal matter. This tank will be referred 
to and described in the nrat chapter (p. 638) ; it is mentioned here 
only to indicate the differences which are still held with regard to the 
processes which are necessary for the complete solution of the problem 
of sewage purification. 

The final settlement of this question is one which lies more in the 
domain of those who are devoting theintirae to the scientific side of the 
question, viz., physicists, chemists, bacteriologists and medical men, than 
in tliat of the engineer. 

The function of the latter, whilst taking an intelligent view of the 
work of his scientific colleagues, is not to attempt to settle these matters 
for himself, but, having obtained the views of those qualified to carry out 
original research, to design works which shall give a practical cirpression 
to the results obtained by the workers in the laboratory. 

This work is written by an engineer for the use of engineers, and it is 
not proposed to discuss this branch of the question farther, but having 
indicated the problem to be performed and the general broad outlines of 
the steps necessary to be taken to secure the desired end, to proceed now 
to give an idea of the degree of purification expected by setting out some 
of the standards of purification winch bare been suggested. 

Standards of Purity. — There has been much controversy as to the 
desirability of settingup a standard of purity to which all sewage 
eflluents should be reduced, but there are very obvious difficulties to be 
faced in undertaking such a task. 

Apart from the great variation in the strength of the sewage to be 
purified, and the divergence of opinion as to what may in the future be 
recognised ns a practicable degree of parity, the nature of the water 
into which the effluent has to be discharged presents the greatest 
difficulty. This may be — 

(1) The open sea. 

(2) A land-locked harbour. 

(3) A tidal estuary. 

(4) A tidal river. 

(.'») A river not used for drinking water. 

(C) A rhernsed for drinking water. 

(7) A Miiall watcicouise, almost dry at and flowing through a 

populous district. 
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It will l>c at once apparent that to ask all sanitary authorities to 
purify their sewnge to an equal tlogrcc, without reference to the quantity 
or quality of the water into which the clllucnt would be discharged, would 
be to inflict an injustice on some one, and therefore, whatCTcr standards 
may be set up, they will hare to be applied with some discrimination. 

In order to giro readers an >ndtc.ation of the different rieirs held on 
this snbjcct, the following information as to the alleged provisional 
standards of certain w ell-kiiown anthoritics is given. This information 
is pnt forward with a certain amount of reserve, as, with the exception of 
the Rivers Pollution Commission, 18C8, Ihcanthoritiesharenotsofdr as 
the author is aware published any oiriclal statements as to what their 
standards arc. 

Standards of Purity retonmmdetl hj the Rivers Polhilion Commission, 
18C8. 

“ ^Vo now recommend that the following liquids bo deemed polluting 
and inadmissible into any stream : — 

(a) “Any liquid which has not been subjected to perfect rest in 
subsidence ponds of safllcicnt size for a period of at least six hours, or 
which, having been so subjected to subsidence, contains in suspension 
more than one part by weight of dry oiganic matter in 100,000 parts 
by weight of the liquid, or which, not having been so subjected to sub- 
sidence, contains in suspension more than three parts by weight of dry 
mineral matter, or one part by weight of dry organic matter in 100,000 
parts by weight of the liquid. 

Gi) “Any liquid containing, m solution, more than two parts by 
weigiit of organic carbon or *3 part by weight of organic nitrogen m 
100,000 parts by weight. 

(c) “ Any liquid which ebalt exhibit by daylight a distinct colour 
when a stratum of it one inch deep is placed in a white porcelain or 
earthenware vessel. 

(d) “Any liquid which contains, tn solution, m 100,000 parts by 
weight, more than two parts by weight of any metal except calcium, 
magnesium, potassium, and sodium. 

(e) “ Any liquid which, in 100,000 parts by weight, contains, ichelher 
in solution or suspension, in chemical combination or otherwise, more 
than *05 part by weight of metallic arsenic. 

(f) “Any liquid which, after acidification with sulphuric acid, con- 
tains, in 100,000 parts by weight, more tlian one part by weight of 
free chlorine. 

(?) “Any liquid uhich contains, in 100.000 parts by weight, more 
than one part by weight of snlphnr, m the condition either oi 
sulphuretted hydrogen or of a solnblc snlplinret. 
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(h) “ Any liquid possessing an acidity greater than that which is 
produced by adding two parts by weight of real muriatic acid to l,n00 
parts by weight of distilled water, 

(i) “Any liquid possessing an alkalinity greater than that produced 
by adding one part by weight of dry caustic soda to 1,000 parts by 
weight of distilled water. 

(k) “ Any liquid exhibiting a film of petroleum or hydrocarbon oil 
upon its surface, or containing in suspension, in 100,000 parts, more 
than 'Oo part of such oil.” 

jtferset/ antJ Irwell Joint Board 


Albuminoid ammonia...., 0*14 parts per 100,000. 

Oxygen absorbed in 4 hours at CO® F. ... 1*43 „ „ 

Oxygen absorbed in 3 minutes at CO® F. O'SC „ „ 

Solids in suspension 4*8 „ „ 

Incubator tost 3 to 5 days at 75® F. 


irrs/ Ridiny of Yorkshire Itivtrs Board, 

"Wlien nitrates arc absent. 

If the oxygen absorbed in 4 hours at 80® F. is below O’o part per 
100,000 the sample is considered good. 

From 0-5 part to I’O the sample is considered fair. 

From 1*0 part to 2'0 the 6,atnplc is considered nnsatisfactory. 

Orcr 2'0 parts tlic sample is considered bad. 

When nitrates arc present in amounts of O'l or over. 

If oxygen absorbed in 4 hours at 80® F. is below 1*0 part per 
100,000 the sample is considered good. 

From I'O to 2‘0 parts per 100,000 the sample is cou'sidered fair. 

From 2-0 to 2’5 parts per 100,000 the sample is considered unsath* 
factory. 

Over 2*5 parts per 100,000 the Kimplc is considered had. 

Solids in suspension not to exceed 4 parts j>cr 100,000. 

BihhU .Toinf CommilUe. 

Albuminoid ammonia if nndcr 0*1 part \kt 1(io, 0(»(), cfllaent good. 
Albuminoid nmraonia if under 0*I.'» to 0*2 part per 100, OdO, 
nn'atisfactorj’. 

Albuminoid ammonia if orcr 0 2 p.art per 100,000, had. 

.‘vtlid^ in f>n«i'cn«ion 3 parts per 100 , 000 . 

Thiivjn C>m*i-rvanry H^vird. 

Organic carlKiu 3 {kt 100,000. 

Organic nitrogen 1*1 parts jicr 100,000. 
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Derbyshire County Oniucil. 

A sewage effluent should be clear and brlglit, without suspended 
matter, and on shaking Tjgorouslj it should not froth. 

It should conform to the following tests : — 

(1) Shake Tests . — A simple tost of purity can be readily applied. 
It is, to shake vigorously for one minute o bottle half full of the effluent. 
All frothing should disappear in three seconds. 

(2) Tests of opacity from suspended matter : — 

The effluent should be so transparent that “ Pearl ” type can be read 
by a normal-sighted person through a column 12 inches m depth. (The 
tjpe below will illustrate this test.) 

A simWar test has been deviMjd by I>r. Rcld, and consists of TOcasuTing 
the column of effluent which is necessary to obliterate the lines on the 
block shown below. 

A good: effluent will per- 
nut of the lines being dis- 
tinctly seen through a 
column 12 inches in deptli. 

(3) Albuminoid am* 
monia. 

On chemical analysis an 
cfllacnt should yield less 
than part per 100,000 of albummoid ammonia. This amount of 
albuminoid ammonia is taken as index of nitrogenous organic matter 
^hicli remains unoxidised into nitric and nitrous acids, and is not split 
up into other linrmlofis nroAiirts 
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not nlnorb more oxrircn from pofassinm i)CTmaii£::maic than H did 
i>cfc>re incziUticn. This tost is gcnmllr kuovni ns the Incnbator 
Test,” and is one whici) is now being gcnerallj adopted with efiinents. 

All these standards are based upon chemical data and do not tahe 
into consideration the bacteriological <diaracter of the dSnent TlVhen 
the Royal Commission on Sewage Pisposal, ISPS, commenced their 
inrestigations it became necessaTX for them to hare a standard hr 
whicli to compare the characters of the sexrages nnder their obserration. 

For this purpose, and as working standards only, Dr. A. C, IIon<ton. 
riie Bacteriologist to tlie GommissTon, drew np the followirg : — 

In the case of dnnKrig-tr.ifrr tlrtawf, partial sterilisation, tlie 
destruction of i5. <v>?f to the extent of seenring absence in 1 c.c. of the 
cfilncnt being taken as satisfying snch standard. Complete sterilisation 
of sewage cfllncnls wonld not seem to be a practical mcasnre, othortriso 
thi^ higher standard would be recommended. 

As regards ucjj-rf'rinZ’Hjg tciT’cr sfri.im, sfaniJjrtU <7*? f fer 

irrrb\'f only. For the chief tests employtsi they are as 

follows j — 


Total nnmlxir of \ Gelatine at C. Less than 3 OO.OOh per c-c. 

bacteria. ] Agar at C. Less than 10,000 per c.c. 

JS, «.■>?}* less than 1,000 per c-c. 


i?. eninifilis fjwtnts test and 3 
*‘Gas” rest (i?4 hours at iO” C.) ) 


Xegatire results with o*l cc. 


Indol tes: (5 days at 37^ C.) \ 

hTcatral-red broth test (5 d.nys at 37^ C) K'egalire result with 

Blltssalt broth test (2 days at ST'* C.) 0*001 0 . 0 . 

Litmus milk (modified) test (2 daysat ST* C.) 

These are primary standards ; secondary standards arc arrired at by 
renderinf: the primary stand-aids ten times more lenient. 

It may be asked: Is it not possible to reject artifieial processes of 
sterilisation and npplr the above same tests, but with more stringent 
stand-anls, to the case of drinking-water streams ? Tlie answer for 
ohvions reasons is in the negatiro, from the epidemiological point of 
view ; bnt from the practical standpoint it may be said that nJaiire 
safetT wonld be secured by making efflnents destined to dis- 

dmige into drinking-water streams, the above standards onehnndred 
times more stringent, 

TTith regard to tidal eslnarica. Dr. Thresh, 11,0.11. for Essex wnntr, 
has sugircsted as a standard that the sewage shall never exceed in 
TOlume 1 per cent, of Urn tidal water. 

F»w th'* n«-' of encinoers making an in«}xvJion of sewage tfilncnls or 
T>olln^c^^sln^^m^ Uic tests Xivs. (1) amUi) of the Derbyshire Conmy 
Council .are recommended as easily applicable in the field, and they can 
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be augmented by a search for sewage fungus (see Appendix II,), the 
presence of which in the cfiluent channel or stream is a sure indication 
of sewage contamination. If these standards are satisfactorily passed 
a rough incubator test may be made by placing a sample of the liquid 
in a clean stoppered bottle and keeping it for four or five days in a warm 
room. If at the end of that period the liquid, on being shaken, gives 
off no offensive smell, the effluent may be considered satisfactory in 
ordinary circumstances. 
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bo quoted as an example of Ibis method of sewage disposal ; the sewage 
of Hull and Grimsby and, higher up, of Goole is quite lost in the large 
quantity of tidal water daily flowings into the estuary. Tie Jilersey 
again receires the sewage of Liverpool, Birkenlicad and adjoining urban 
authorities ^7ithout detriment, as does the Tyne at Newcastle and 
Gateshead. 

In other estuaries where the flow of sea water is not as large in 
proportion to the sewage it is necessary to provide a more or less e/Soieni 
system of precipitation to be carried out before the sewage is discharged. 
The Thames is a well-known example of this method of disposal, and 
the sewages of Hafalm, Southampton and other places are precipitated 
before being turned into their respective estuaries. 

In two recent cases, namely, at Soutliend-on-Seaand Southport, where 
the final efBuenb is disposed of in the open sea, complete systems of 
purification liavo been adopted prior to the discharge into the sea. 

Land TuEATiiENT. 

Detritus aod Screening TanJes. — In every sewage pnrjfication works 
the first step of the treatment should be the removal of the heavy road 
detritus and mineral matters in suspension and the large floating 
matters. This is eflected by passing the sewage through a detritus and 
screening tank : it is at ibis point that the separation of tbo three 
Tolnmes of dry-weatherfiowofsewage7aQd rainwaterfrom the suiplus 
diluted sewage usually takes place, and the tank can easily be designed 
with a long weir over which the surplus can flow without raising the 
water level and so backing op the out/aU sewer. 

The detritus to be removed, although said to be in suspension, is 
chiefly sand and grit, which in most cases is rolled along the invert of 
the outfall sewer, and can be separated from the liquid very easily by 
reducing the velocity of the latter aod providing a receptacle into which 
the sand, etc., can drop. In the case of sewers with a very high 
velocity the detritus may be cliurned up into the body of the liquid, 
and in such cases the separation will be more diOlcult than in slower 
moving sewage. The floating matter consists of paper, fibre, solid 
cscrement, etc., and can be removed by screens or strainers. 

Gonsidering the importance of this part of the process of sewage 
purification very little thought appears to have been given to the 
design of either the tanks or the screens for removing the floating 
matters, and great variations both in form and size arc found in 
practice. 

The tanks should be large enough to reduce the velocity of the 
sewage sufficiently to deposit the heavy grit, and therefore regard 
should be paid to the gradient of the outfall sewer j on the other hand, 
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«<? t"clcn(Ic<l l*ct\vcfM t«o roller^s «nc at the l)ot{om of the Iniik niitl tho 
other above top water IcteK The upjvr roller U rotuletl by poHcr 
which, in the ca'C Khown, cupplkn) by a watcnvlicvl driven by the 
fcttngc. A rotary brush driven in the rcrerre direction to the screen 
roller brushes tlio fcrccninfjs Into a bopJKjr or trotijrh. 

Ki". .’5, Plate ALVI., op|)OS»tc, shows another form of movitif: .«ca‘en 
made hr Jfcs«rs. Jnrnes Watt ^ Co., of Birniin{;lmm, for the Itotlmcll 
senate ^\orks docriltcd jv. 7i*3, In this machine the gewajje is dcli\en'd 
on n perforated horitontnldisc with perforations p^-jneh dianjeter. The 
dl«c is rotated ljy iH)Wcr through a ceolm! *pindlc, and is cUvincd by 
a gulta-p'.Tclin r^ucogoc placed upon an iron arm at puch an angle ns 
to sweep the Fcrccnlnirs into an iron bov from which (hoy are removed 
by hand. 

An a{iji.arnl«s for rerj* fine fcrecning is in u«e at the liceds tvirugo 
Works with .'50 nie<hos |K:r a«juan: inch. The scnoniiig burface is 
indmtd, the nish of senage washing forward the tinUter fcrtcnwl 
off. The sewage passes through n tipping trough or liov which when 
full (urns the contents over on (o the ftwn nlnmt every ten secomb, 
and this clfeclu.slly washes forward the screening* and gives the screen 
time (0 clear itself of ii<|tiid. 

Anotlier form of fcrecn is also devi*c»l at t!ie«e works in winch n 
bn!«h is Rulomalically drawtj across the fcrcxm by the fwage u»clf 
fulling into a tipping buek(t, and the bni-h ptilltd back to it-* «.rigitml 
jwslilon by a coHnteq»oi*e weight. 

Pig, 4, Plate XI<VI., opposite, *hons another form of bcn-cn math’ 
by John Wt*l*lenholmc. 

*11)0 pcrt-en is framed in c-vt iron, rdltnl in with W{dgi'*)inj>cd Mt*l 
bir« and fnnl at an inclnwlnm in the laich-p.i. K.jk«w uiiadmJ i</ 
end!' ‘s cheins actnute*! from «tK*ve n-nio'c the ►cnumig* and con\>y 
(hem to n n««bn iniy nttju-biil t«» pt.iinbmls Th> t*'p fr.jiimi.: 
con':‘ts of cad iri<n standinls wnh 'led cr."S b.ir. Adjusting et-ri-ws 
arc provid<'d (o (ighti-n ih** otniij". Tho r.»V.«s can U- w«.rknl t»\ bund 
or by pjwcr. 

.'u Phle .XLVI.. opi«jsitc, riiows n tyj-' iT riudge d-rntor 
invaufae’uritj br 5Ir'»r>. n.aui, P.iL'r <1 f’v, I.t*l . for lu'talKtfon in 
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distance above tbc floor lino to nllow of wagons being placed under it 
to receive llic delritii'. 

The cap.icit 7 of n niaclune of the tjpo shown provided with buckets 
IS inches wide is from 15 to 20 tons per hour. 

Suitable speed reduction gearing is provided and adjustable blocks 
to take up the stretch and wear of the chains. 

Selection of Land. — 'When selecting land for sewage purification 
nnrpo'cs, the question of the position of the land in relation to the 
town and the relative advantages of nUemative sites at different 
distances often have to be decided. 

Within modemte limits the general feeling is that the further the 
sewage can be taken away from the community the better, but this 
must obviously be governed by levels, snifability of land, and cost of 
outfall sewer. 

The arguments in favour of being at a distance arc : — 

(1) Sentimental, if not licaltli, considerations for treating sewage as 
far away from populated districts ns possible. 

(2) Laud is likely to bo obeaper in rnral than in suburban districts. 

(3) There is lesslikcIihoodofdilTIcuIty arising in obtaining additional 
land for future e.xtcnsions. 

(4) A long outfall sewer acts like the fly wheel on an engine, and tends 
to equalise the quantity and quality of the sewage. 

(5) Daring the passage of the sewage through the long sewer, the 
floating solids become disintegrated and partially liquefied byseptic action. 

On the other hand there arc the following disadvantages 

(1) The solid fascal matter and ccllnlose matters, which have a 
clogging tendency, pass on to the land with the liquid, whereas with fresh 
sewage it is not difficult to screen out moch of the solid fecal matter 
and paper and to sell it to farmers or use it on the farm. 

(2) If settling tanks and precipitation methods are in operation 
the sludge is apt to be of small market value, and is not readily 
disposed of. 

(3) The longer the outfall sewer, the greater the first cost and the 
maintenance charges. 

(4) The longer the outfall sewer, the greater the risk of percolation of 
subsoil water which has to be put on the land and thus becomes a burden. 

Surplus Land. — The area of surplus land which should be attached 
to a sewage farm is a matter which may be of considerable importance, 
especially if the land under sewage is cropped, because as cereals are, 
practically speaking, inadmissible on an irrigable area, the crops ought 
to be of a kind (e g. rye-grass) capable of being heavily sewaged and 
readily disposed of when cropiiei 



50i 


SANITARY engineering. 


There is freqnentlj- aa economical odvantoje in asms Hie stiro!,,, 
Koa as a daily farm and reearag (he slock miii Hie jiroiiiice of ijio 
imgabie area, especially in tbose cases where tlicrc is a diflicnltr in 
disposing of crops. ^ 


Tin’s oddiHoiial land, liomver, inrolres additional capital csMnililiirr 
^hc mrestment being of n somewhat specubtire character. 

The KUrpIns ticrcage (».p., acreage in excess of tlic total irrigable area) 
varies in different cases from 10 percent, of the total up to jOjHirccnt., 
and averages about 25 per cent. 

IVliilst it is impossible to lay down any rule ns to the ratio of the 
snrpIOB to the total acreage, it is dairable to have n large snr/»}w‘i, and, 
if possible, that this bod should be &o placed as to admit of the 
possibility of its being laid out for irrigation pnrposes if required. 


Irrigattou and FUtration.~Tbc application of sewage to land is 
carried out bv two processes, which arc known as broad ifrigathm and 
downward filtration. 

Where the land utilised is of a retentive character with a clay aiibsod, 
broad irrigation is adopted, the sewage Icing distributed over tlie land 
in such a inamicr that it mns over the surface, nnd t))c p«nfjc.atu)n ia 
cfl‘oeted by tlie nitrifying organisms in the surface soil. 

On the other !iatul> wlicrc the nature of the sod Is o/wn and |Kiroi}«» 
with a sandy subsoil, the sewage'is applied in such a wny that it 
percolates downwards through the subsoil to the under-dmins, and the 
land is used after tlic maimer of nn ordmaiy sand filter. 

Land to lie used for broad irrigation is frequently not draiiiftl at nil, 
whereas in a filtration area nDdcr-drainagc is essential unless the Bubsuil 
consists of very deep sand free from water, or anojwn fi'aurcil rock suih 
as ciialk. A^, however, it is fomul desirabfe in eotiie cnse.s to under* 
drain irrigation areas to assi-^l in the drjmy off proccs-., n wrtnm 
amount of dowiiw.nrd fiUmtion may take place, and it i'- tliercfon- 
iinjiO'dblc to dww a distinct line between the two protwes in cry 

In both broad irrigation nod downward filtration it is desmibh to 
intercept some of the sohds in suspension in the sewage befurc applying 
the liquid to the land. 

Ill sc«ii',-0 fiimiiiis liTOfCr, llic lirelmiiiiut, In-atiiii'iit i. urr hIikIiI, 
mill ii'iiinUy coiipi'ts nf stnitnini; sni foiij;U scttlcmeiit. 

(In Hic Iitlicr liiiinl. land ii nllcn u«ot in iMiijiractiiiii n llli in 

nliirli nil i-lVvclus jiNliminaty trcalliinil lal.i« [daw, mid lln md'"'- 
iiiK'iit iiiq.liiMtii.n In land is tlnii cim'oii wit ii- n Mssnniin (urt .if 
till' The urea of land Kquinsl f.r ll.o tno tJMmiis i' wi-dlv 

difTomili miiglily fl«.'a!.iii!:. Hn.- tmm led to iml |sn..ns |.r 

Here ran 1« Ircntixl on n 5Cvtiii,'i: f-inn. nlrercM niHi an cffialivc 
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preliminary process llie Fcwftgc from 500 to 1,000 persons may be 
treated upon an acre of Buitablc land. 

In dealing with this section of Ihe subject it is assumed that land 
treatment is the main process and that the preliminary settlement will 
be very slight. 


Eemoral of Suspended Solids. — ^TIic more cflectnally the solids in 
sn«pension in the sewage are rctnored, the less difllculty is eTpericnccd 
with the clogging of tho surface of the land, particnlarly in the ease of 
irrigation areas where the soil is ofn clayey and retentive nature. 

About two hours' sedimentation is usually sufllcicnt to settle out the 
grosser susjKinded solids. Assuming that the maximum rate of flow in 
the middle of the day is abont double the mean flow, this means that 
one-sixth of the mean flow would give a tank capacity suiOcient to giro 
the required degree of sedimentation. 

As it is usnni to construct tanks in duplicate so that during cleaning 
operations the sewage can be cflcctually settled witli one tank out of 
operation, tlic total capacity of tankage provided on small farms should 
amount to about one-third of the mean daily flow, and this capacity 
would give sufllcicnt storage to deal with the storm-waters as they may 
be delivered at the disposal works. 

On large works the number of tanks may bo Increased so that one 
tank can be cleansed without throwing 50 per cent of the tank capacity 
out of operation. In such eases the total capacity may be proportionately 
redneed. 

Although the above proportion of tank accommodation is that which 
theoretically should be provided, numerous instances of sewage farms 
will be found in which the tankage is considerably less, and in some 
eases is totally absent. Usually not more than half the above tank 
capacity is provided. 

TJie solids in suspension may be removed by means of — 

(1) Continuous settlement. 

(2) Quiescent settlement. 

(3) Upward filtration. 

(4) Precipitation by the addition of chemicals. 

(5) Septic tanks. 

The following are the aveiagc results obtained with the sewage of a 
large city, one thiid of the volnme of which is trade refuse : — 


Total suspended solids 
After \ hour’s settlement 
.. 1 » 


42 grains per gal. 


11 

11 


g Q 2 
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This shows that quite a short period of settleincJit throws down more 
than half of the suspended matter, hut that heyoad one hoar the scttle- 
ment is rerj’ slow unless chemti^ls arc used to assist precipitation. 

^yhc^e the tanks are used on the eontimious principle the sewage is 
conthiimUy raonnig in atone end and out at the other over a wide siU 
In the case of tanks worked on the quiescent system the scw'agc is 
run into a tank and allowed to stand for from one to two liours, and the 
liquid is then decanted by means of floating arms. 

The quiescent tanks require a fall of several feet to enable them to 
be emptied, failing uhich the sewage must be pumped, wliercas con- 
tmuouB tanka require only a few inches of fall to enable the sewage to 
travel through them. Continnons tanks cost less to construct and arc 
more economical in labour for attendance, and arc therefore usually 
adopted m preference to quiescent tanks. 

Iicctangnlar tanks are usually made with floors sloping from each 
side to a central channef and the channel shpiog from the outlet end 
to the inlet end. The greater part of the soHd< arc deposited near the 
inlet, that is, at the deep end, and the above described form of floor 
faeil/tates the gravitation of the etadge iotrards the outlet valve. 

The floor of circular tanks is generally made to slope towards the 
centre by an inrerted cone, and in rectangnlar tanks the floors can ho 
treated on the Bamo plan by making two or more inverted pyramids } 
ill both forms of tanks the sludge can be removed by pipes by gravita* 
tion if sufllcicot fall (about .*1 or 4 feet) below the top-water level is 
available, or in the absence of this amount of fall by pumping. 

Tlie Dortmund tank (Plate Xr^VII., opposite), so called because it was 
flrst used at Dortmnnd in Oermany, is worked on this principle Tlie 
tank is cylindrical for part of its depth, with a conical bottom. 

The sewage pas<!cs down n vertical pi{>e to the bottom of the eyliu- 
dric.ll part of the tank, the pipe being fiicd on the a.vis of the tank. 
The pijw is provided with roilwl arms to distribute the scHago evenly 
o\cr the sectional area of the tank. Thcalndge settles to the well at the 
a]ic.v of the cone and fs pnrnjK’d out as it accumulates through a suction 
pipe led donn inside the /nJet pi|K: to near the bottom of the tank. 

The cfiluent ih drawn off by Iroughv so arrange*! ns to sub-diride the 
surface equally and ibijs avoid Betting up n emrent. TJic fiou is kept 
at a uniform rate of I.”/ feet {icrhotir, but this is probably too high a 
velocity to get good results. 

I'JfH form of lank h not {votcclvd by patent am! has been largely 
used. Tlie «*lucf defect is the danger of the sides bcc-oming coatcil with 
sludge ; this can Iw renjed/ed by providing a reiolving arm fitted with 
a squeegee t‘» brush the nalh. 

q'ln: im]H>rt.aiicc of dc-signiog lonks m the manner to facilitate 
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Irrigation Farms. — Tn irrigation farms ii is iisiiai as far as possible 
to apply the sewage to two, and sometimes three, or even four plots of 
land in succession, the sewage, after having been run over one plot, 
being picked up by a earner running along the bottom of the plot. 
The effluent is then re-trealed over otlicr plots. 

The distribution of the tank effluent over the surface of the land is 
effected by carriers. The carriers are from 12 inches to 2 feet or more 
wide, and are consfcrncted with a fall of 1 in 500 to 1 in 1,000, of 
brickwork, concrete, or stoneware, and ai'e usually open at the top. 
Pipe carriers aie also used, but are not recommended, as the fall 
available is generally insofficient to make them self-clcansing. The 
subsidiary carriers may be made with half pipes or grips cut in the 
ground at suitable intervals of 10 to 20 yards apart running down the 
plots following the greatest fall. 

Plate X LVIII., opposite, gives details of the construction of carrieis. 
Figs, 1 and 2 are plan and section respectively of a large size earner. 
Fig. 8 gives section of a stoneware carrier of large size. Fig. 4 is a 
section of an ordinary stoneware halfpipe carrier. Figs. 5 and C are 
plan and elevation of a junction block on a carrier like Fig. 4, with 
sluices fordiachargiag sewage on each side. Fig. 7 is nstoneware sluice 
valve for filling in a concrete carrier. 

The land between the plough cuts is inclined at falls varying from I 
in 20 to 1 in 150, depending upon the porosity of tlic soil, to furrows 
about midway between the plough cues. The furrows, however, should 
bo stopped before reaching the bottom of tbe plot, otherwise the sewage 
reache.s too easily the pickup carrier winch is run along the lower 
edge of the plot. 

Where the land has an easy natural fall the distiibutiou and pickup 
Ciirriers can be laid as contours, and the distnbution of the liquid 
between them can be made from frequent openings m the distribution 
carriers, these openings being controlled by shuttle'. 

The greater the number of carriers the better the distributioD, but 
permanent carriers interfere with Ihe cnltivation of the land, and this 
limits the number which can be put down. 

Carrieis should be frequently cleansed, and any slndgodepositsaiionld 
be thrown well away from the carriers, jib otherwise the land near them 
soon gets clogged by the solids brought down by the sewage. 

llic management of the rotation in which the sewage is applied to the 
land varies very widely in piacticeand largely depends upon the nature 
of the land and tlie views of the fann manager. In some cases the 
sewage is applied to the land for a few hours only and is then shifted 
to other plots for three or four days before being 'applied to the same 
land again. In some cases tbe period of application is extended to 
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TARLE J<)2. 
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vcn wii’c Iimit-v tijxin H»c nninrc t*f tlic hticl, llic f-trcngtli of 

tl)C fcwn::r, llic ]'rojvirtinn of Iratlp rcfiipc or mbsoil water, and other 
c<-n‘iil'rati<'n». The minil>cr n*nalljcon*«lcrc<l to he reasonable is froin 
K'O to I'ni"* |>cr>nn« |>cr atre. 

The IJnTal Ciimmi‘*i"n on Sown;;© npjKiinIcd In Iiad 

nndtr ob'crmtinn for n bin;; j‘crio<J four fcwo;;© farms in which broad 
irripalinn i« ]'mctl‘f<l, namclr HctWinpton (Croydon), South Norwood 
(Crordon), I/'ic^'lcr and IJnphy, and the particnlars in llic«o four eases 
arc p\cn in Tnbl'* lOi’, on p. fiOO. 

From these particulars it will l>o seen that the jwpnlalion j>cr acre 
cxccjil in the ca»" of IJeildinplon, wliich was overworked, lies within 
the limits prcvinnilr mcntioneil, namely from KMl to Pl)0 jicrsons per 
acre, and in the caicofllcddinptonihcFnilis gravelly loam, and a part of 
the area is nstsl for fillr.ilion. The quantity of ►ewnge in gallons treated 
tijon ftrong clay land in these ftnirca<f» lies between the limits of 1,000 
and I'.tKiO gallons iierday j»cracrc, the results obtained being moderately 
good but not altogdlicr sali*fnclory. 

LeiccBtcr Sewage Farm.— ‘As a good evamplc of a strong land 
Mwape farm n‘cd for irrigation proce«s the llcaiimont Leys Farm of 
the I/ciccster CoqKiration may Ik: taken, and the following details have 
l>ecD cvlraclcd from the particulars supplied to the Uojal Commission 
on Sewage Diqio^al. 

The soil of the f.inn is clay, the snrfuec soil over the greater portion 
being ofnslirrclavcy nature, C to U* inches deep, with a subsoil of 
from i> feet C inches to Ji feet of yellow clay overlying a hard boulder 
clay and tbe Kenper marl. 

The total area of the farm is about l,7O0 acics, of wlnuli about l,o50 
acres are under irrigation, the aTcmgc area actually m nso at one time 
being nbonl one quarter of the total irrigable area. 

TIic jwjmhition draining to the farm in 1899 was 197, UOo, and the dry 
leather How of sewage amounted to 7,2.70,o00 gallons per 21 hours, or 
37 gallons jier head, made up of the following ; — 

Domestic Sewage . . . 3? 

Trade I’cfusc. » 

Well and SubsoinValer . li n »> 

Total ... • "i million gallons. 

The trade refuse was principally fiom wool scourers and fellniongep. 
Tlic manufccturem arc required to arrest solids by settlement in catchpits 
before discharging the waste into the sewers. 

The population dealt with per acic of laud 'iiiigatcd was 140, and the 
quantity of gewage treated per acre per twenty-four hours, assuming 
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that each nei-e of irrigable land was being tewagcd at tUo sainc tiow, 
was 5,070 gallons. Since, howeter, only one quarter of tiic area is 
under irrigation at the same time, the quantity actually treated amounted 
to 21,200 gallons per acre per day. 

TJjo sewage on arrirai at the works js screened and passed through 
settling tanks, the capacity of which is rather less than lO per cent, of 
the normal dry weatljer flow. These tanks are worked on the continuous 
system, and no chemicals are used, and they are cleaned out about once 
in three weeks by means of steam-driven eham pumps. 

The tank effluent is taken along main carriers, provided with sloiccs 
at intervals, and is then turned on to the land, or into subsidiary 
carriers. 

The method of irrigation is to send the tank effluent over one arable 
field, and then over one or more pasture fields. The sewage is applied 
to the land for long periods, from seven to fourteen days without n rest. 

In preparing the arable land steam cultivation is resorted to in addition 

up the finrd pan caused by the horses' feet in ordinary plonghing, and 
enables the land to subsequently take larger quantities of sewage. 

The crops consist of roots, wheat, mangolds and oats, but rye-grass 
constitutes the principal crop. 

Nearly all the mangolds are consumed on the premises, the rye-grass 
is used on the farm and for the Corporation horses, and a laijje herd 
of bullocks are kept on the farm. They arc allowed to feed ou the 
irrigated land, and are said to do considerable damage by treading in 
the soil and forming pools, in which the sewage stagnates. 

There are about S50 acres of laud not sewaged, on which the cattle 
can be kept when it is not dcsiiwble to put them on the irrigated land. 
U is not tbc practice on this farm to irrigate giowing crops except iu 
the csise of permanent pasture and rye-gniEs, and, to a small extent in 
dry weather, mangolds. 

Eeddington Irrigation Pana. — Plate XLIX., p. 004, is a }ilau of 
Beddmgton Irrigation Farm, Borougli of Croydon, Surrey. 

The drainage area flowing to this farm is about C,300 acres, and the 
population to it about 127,000, 

I’nrt of the sewage, on its way to the farm, passes through a 
revolving scicen at Brimstone Barn. About 2 cubic yards of solids 
per day arc taken out by tl«s<q«rftUon. 

There are two outlets of sewage on to the farm, 00 *^ from Croydon 
and the other from Thornton Heath and Upper Norwood. Tlie diy- 
weather flow varies somewhat with the lieiglit of the snb»oil v\ater in 
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Croydon Vallcj', I)ut it may be put at 4,250,000 gallons in tuenty-fonr 
liouts. 

The sewage flows on to the farm from both outlets by gravitation. 

About three-quarters of the roads in the drainage area have surface 
water drains in them, with which the road-gullics are connected, and 
they discharge into the River Wandlc and Norbury Brook. Still, the 
volume of storm-water entering the sewers is occasionally very great, 
and several times a year it maybe put at the rate of 10,000,000 gallons 
in twenty-four hours. There is no storm overflow in any shape or 
form, and the whole of the storm-water entering the sewers is delivered 
on the farm. There, m order to cleanse it, it is sometimes run over 
all the grass land, and other plots as well, to the injury of the crops. 

The area of tlie farm is C94 statute acres ; about 500 acres are laid 
down for broad irrigation, the remainder being occupied by fium 
buildings, cottages, strips of land alongside roads, and high ground. 
Tims the drainage of about 254 persons is cleansed on each acre, but it 
should be noted that about 1,000,000 gallons are treated daily upon 
sprinkler beds, and considerable additions of artiilcml works arc being 
carried out. 

The farm overlies the Woolwich and Reading beds, and the subsoil 
is chiefly of gravel (very open in some places) and sand. The soil 
varies considerably, from loam to a light, free, open soil, but all is very 
suitable for irrigation. The aspect of the farm is a gentle slope from 
east to west, averaging about 1 in 210. The farm is compact, the 
upper side of it being about 1,000 yanls from the nearest occupied part 
of the Borough of Croydon, and the outlet side about 4.')0 yards from 
tbe River Wandle, into which there are two outlets for the efllaent 
water. 

Irrigation on part of tbe farm was begun m 1800, and has since been 
continuous. There was no underHlrainoge until 1883, and now about 
120 acres liave drains, generally very wide apart, and from 4 to 0 feet 
deep, varying in diameter from 4 inches to 2 feet. Although thc«c 
do not assist in cleansing the sewage, yet they help to quicken the 
drainage of the land after the sewage is taken off it. 

The ground naturally lying with a very even full towards the 
Wandle, the only operation required was to adjust the surface to smt 
the carriers, raising some places and lowering others, but so little that 
still a proper tliickncss of soil was left for cultivation. 

The liringing-on cirriers at the top of the plots are nsaally of 
concrete, from 2 to 4 feet wide and level os long os the ground j>cnnits. 

If at any place it is nccc'sary to have a drop this is done by mean* 
of a wooden sluice. 

Small trenches arc made with the ploa!:h from the Irinclrg-on 
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carders down liie greatest faH, at a distance from each other of about 
hO feet. The ground is u htt!e lower between these trenches to make 
the sewage spread over the entire earface. Jlovabic galvanised iron or 
wooden stoppera are used to divert the water at vaiying distances down 
the trendies. These trenches end about 40 yards from the bottom of 
the plots where the hollowing ceases, the ground is thus level across, 
so that the whole breadth of land is irrigated. A plck*up carrier runs 
along the bottom of the plot, over the edge of, and into which the 
effluent water passes. The system in use is that of surface or braad 
irrigation i and, as a rule, the sewage passes over three separate 
portions of the farm. It first passes over one poition, which is covered 
with it 5 from thence the sewage, partially purified, flows to a second 
portion of the farm, and then to a third, from which it passes in a pure 
state. The time occupied in passing over the farm is about three 
hours. It is estimated that 2 oat of every 8 gallons of sewage pass off 
the farm as pure effluent water, the other gallon being cither evaporated 
or absorbed by the land and the growing crop. The colour of the 
Italian rye-grass indicates exactly where it has been irrigated ; ond 
wlieu ready for cutting the crop should have a uniform dark-green 
appearance. 

There is no dlfiiculby in cleansing the sewage in the severest frost. 
The practice is to flow it over ploughed land that will be sown with 
■mangold, and also over the worst rye-grass plots. Ice is formed on tlie 
surface, but the sewage flows underneath it, and the purification still 
goes on, although it requires more area, and the effluent may not be 
quite so good ns at other times. 

The following is about the average cropping of the irrigated portion 
of the farm : — 


Rye- grass 


400 statute acres. 

Old pasture 


40 „ 

JIangolds 


60 


Total .. 

5uu „ 


Rye-grass, the principal crop, exhauits itself in about three years, 
when it is ploughed up and replaced by n crop of mangold or cabbages, 
followed occasionally by a crop of wheat, oats, or potatoes, and then a 
return to rye-grass. Five heavy crops of tho latter arc usually grown 
in a season. The mangolds also area heavy crop. Wheat and oats are 
grown chiefly for the straw, whidi is very strong, and, in consequence, 
usuvally laid before tho grain is ripe ; the expense of weeding and taking 
garden produce to market nnhtates against its growth on this sewage 
farm. 
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carriers down the greatest fall, at a distance from each other of about 
50 feet. Tim ground is a little lower between these trenches to make 
the sewage spread over the entire surface. Movable galvanised iron or 
wooden stoppers are used to diTeri the water at varying distances down 
the trenches. These trenches end about 40 yards from the bottom of 
the plots where the liollowing ceases, the ground is thus level across, 
so that the whole breadth of land is irrigated. A pick-up carrier runs 
along the bottom of the plot, over the edge of, and into which the 
effluent water passes. The system in use is that of surface or broad 
irrigation ; and, as a rale, the sewage passes over three separate 
portions of the farm. It first passes over one portion, which is covered 
with it ; from thence the sewage, partially pui ified, flows to a second 
portion of the farm, and then to a third, from uluch it passes in a pnre 
state. The time occupied iu passing over the farm is about three 
hours. It is estimated that 2 out of every 3 gallons of sewage pass off 
the farm as pure effluent water, the other gallon being either evaporated 
or absorbed by the land and the growing crop. The colour of the 
Italian rye-gra.ss indicates exactly where it has been irrigated f avd 
when ready for cutting the crop should have a uniform dark-green 
appearance. 

There is no difflculty in cleansing the sewage in the Beverest frost. 
The practice is to flow it over ploughed land tliat will be sown with 
mangold, and also over the worst rye-grass plots. Ice is formed on tlje 
surface, but the sewage flows undemeatli it, and the purification still 
goes on, although it requires more area, and the effluent may not be 
quite 80 good as at other times. 

The following is about the average cropping of the irrigated jjoftion 


of the farm : — 

Kyc-gras-s statute acres. 

Old pasture -JO „ 

Mangolds CO „ 

Total .. „ 


Rye-grass, the principal crop, exhausts itself in about three years, 
^\llcn it is ploughed op and replaced by a crop of mangold or cabb-iges, 
followed occasionally by a crop of wheat, oats, or potatoes, and then a 
return to rye-grass. Five heavy crops of the latter are usually grown 
in a season. The mangolds also are a heavy crop. Wheat and oats are 
grown chiefly for the straw, which is veiy strong, and, in consequence, 
u«>aally laid before the grain is rijie ; the expense of weeding and taking 
garden produce to market militates against its grow th on tins frcnage 
farm. 
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porous soil and subsoil of at least 3 feet in depth, and assuming a 
sen-age flow of 30 gallons per head per daj, it would mean that if onlj 
the dry weather flow liad to be dealt with, and no rain fell upon 
the farm, it might be possible to continuously treat the clarified sewage 
of 1,000 persous. 

As these conditions aie never realised, a margin of area must be pio- 
> ided to take the flow during rainy weather and to allow for the clearing 
of ciops and land being rested, and this reduces the effective quantity 
per acre to 20,000 gallons foi a first-class soil. 

On the other hand, on strong clay soils used for surface irrigation 
purposes, the purification is carried on in the surface soil perhaps not 
moic than 6 inches thick, and in ihiscasc 3,000 gallons per acre per day 
would be the maximum quantity of lank effluent which could be pioperly 
dealt with. This at 30 gallons per head represents a population of 100 
per acre, and tliis number should not be increased even if the quantity 
of sewage per bead be materially less than 30 gallons. 

Between those two extremes come all the diffeient classes of soil, and 
an approximate scale of quantities and populations per aero for various 
qualities of soil can be constructed, but great judgment and long 
experience are required to dcteimine beforehand in which class to 
place any jtarticular plot of land, and when applying the scale neither 
limit of quantity nor popnlation shotiid be exceeded. 

The following is such a table ; — 


TARLE 101 
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10.000 

250 

30,000 

1,000 

GCG 

gravel and sand 
Loam geltincr more 

6,000 

160 

8.000 

200 

20,000 

15, 000 

500 

clayey 

AfiOti 

125 

6,000 



3,000 

75 

6.001) 

130 

12,000 


Clav soil on clav •- 

1,500 

50 

4 (.KW 

120 

10,000 


ilenae clay 

1,000 

33 

3,000 

100 

10,000 



Bcloie attempting to fit the position of a plot of land on the sc.n!c, 
the fullest information must be obtained by sinking trial-holes and bore- 
ho’es in diffeient parts. It is fonnd that the constitution of the soil 
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taricB Tcry nrnkrialljwilhincornparalirclj’ibortdialanccs.andtlicrcforo 
it is nccc^atr lo lest nt frcqtjcnt interrats. 

TrhMiolcsnrc l>c»l, nB l!jcy j»|rc belter opporlimitjp of noting pccuHari- 
lies of soil nnd mb«oil lliat) l>orc<liole<, but nn anger I'a useful for 
inlcrmctlialc Ic^U bclnccn IriaMioJc*, to make certain tliat llie sequence 
of strata docs not rarj. 

It tciy rurelj liappsns tint nil tlic land reiiiiirc<l for n seivago farm is 
of the same tnlue for scirage purjK>*c% and it is tbereforo ncccs.''ary lo 
examine closely lath plot and dtlemiinc ns nearly ns j) 0 ssiblc ivliat its 
absorbing capacity may be. Taking then the area of each plot by its 
capacity, a general avemge can Ire struck for the whole area. 

The dilTcrcnce between rarious soils is often one of degree rather than 
of kind, a light loam gradually merging into a sandysoilin oncdircclion 
or into a heavy loam in tlie other, and a heavy loam in its turn merges 
into a clay. 

The size of the individual |nrticlcs of the soil governs the size of the 
air spaces between them and so AlTfCls the rate of percolation. ^Vhen, 
as in the case of clay, the particles become so small that the friction 
between them and the water is greater than the head on the latter, tlio 
process of filtration becomes im]K)&<ible, and the water simply flows 
over the surface of the ground, irrigation being tlic result. 

The experts employed by the Koyal Commission on Sewage Disposal 
made tcry careful incchanival analyycs of the soils of the canons sewage 
farms under their observation and determined — 

(1) The number of jtarticles m n unit srclgjit of soil. 

(2) The size of the airspaces between those particles. 

(3) The projwrtioii of limnus or modified organic matter winch the 
soil coutaios. 

They expressed the opinion that ifo sufficient number ofsuch nual)ses 
were available for reference they would ufTord valuable data as to tlie 
volume of sewage of given strength which any particular soil might be 
reasonably cxiweted lo purify. 

In a given volume of a coarse gravelly or sandy soil there must be a 
smaller number of particles than in an equal volume of a light loam, 
and similarly it is evident that alight loam contains fewer particles 
than a heavy loam or a clay. 

Experience has proved that a light loom gives better results as regards 
sewage purification than either sand or clay, and the investigation was 
undertaken with a view of finding au approxiraato limit of the number 
of particles permissible in a unit volume of soil which will efficiently 
purify sewage. Tims uu appiosimatc estimate could be made of the 
quantity of sewage which any soil or snbsoil would purify. 

An elaborate description is given in Vol. IV. of the supplementary 
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poroas Boi! and subsoil of at least 3 feet in dcptb, and assuming a 
sewage flow’ of 80 gallons per head per day, it would mean that if only 
the dry weather flow had to he dealt witli, and no rain fell upon 
the farm, it might be possible to continuously treat the clarified sewage 
of 1,000 pei-sous. 

As these conditions arc never realised, a margin of niea must be pro- 
vided to take the flow during rainy weather and to allow for the clearing 
of ciops and land being rested, and this reduces the effective tpiaiitity 
per aero to 20,000 gallons for a first-class soil. 

On the other hand, on strong clay soils used for surface iiHgation 
purposes, the punficatiou is earned on in the surface soil perhaps not 
more than 6 inches thick, and in this case 3,000 gallons pcracic per day 
Would be tlie maximum quantity of tank effluent which could be properly 
dealt w ith. This at 30 gallons per head represents a population of 100 
per acre, and this number should not bo increased even if the quantity 
of sewage per head be materially less than 80 gallons. 

Between these two extremes come all the different classes of soil, and 
an approximate scale of quantities and populations per aero for various 
qualities of aoU can be constructed, but great judgment and tong 
experience are required to deteunine beforeliand in which class to 
place any jiarticulav plot of land, and when applying the scale hcitlier 
Umit of quantity nor population should be exceeded. 

The following is such a table : — 


TARLR 101. 







Kniclein prUlmtnai} 


Crude 

Scltlcl 0 

ewase 

treittmeiic 

Latiil leconilirj 


Gallonv 

r«)>uis- 

lion 

Gsllotiv 

I'opciit- 

GsUoiin 


litcht sandy loam on 





30,000 

1,000 

gTa>el and Band ... 
Sandy loam on gravel 

ID. 000 

.175 

20.0UO 

500 



12,000 

300 

17,000 

4110 

30,000 

1 000 

I’caty soil on gravel 






13,’rttO 

lo.ocx) 




Sand and gravel 

Gravelly loatn on 

s.ooo 

200 

250 

.^0,000 

1,000 


gravel and tan 1 
Loam getting more 

G,tH»0 

ir,o 

Sfino 

200 

20,000 

500 

clajcy 


I2.> 

r,,{m 

ir,o 



73 


MO 

12.000 

400 

Clav ioil on clav ... 

j.stw 

SO 

4.000 

120 

iQ>m 

3J.« 

dcii'c clay 

1,000 

33 

3,000 

100 



— 

— 

- 

- - 
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llcforc attempting to fix llic |M)sUioii of a plot of hml on the hc.i!o, 
the fuHcjt information must be obtained by sinking triaMioles and bore- 
bo’ea in difTcrent parts. It is found that the constitution of the soil 
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varies very materially within comparatively short distances, and therefore 
it is necessary to test at frequent intervals. 

Trial-holes aro best, as they give better opportunity of noting peculiari- 
ties of soil and subsoil than bore-liolcs, but an auger is useful for 
intermediate tests between trial-holes, to make certain that the sequence 
of strata docs not vary. 

It very rarely happens that all the land required for a sewage farm is 
of the same value for sewage purposes, and it is therefore necessary to 
examine closely taeh plot and deleimine as nearly ns possible what its 
absorbing capacity may be. Taking then the area of each plot by its 
capacity, a general average can be struck for the whole area. 

The difference between various soils is often one of degree lather than 
of kind, n light loam gradually meiging into a sandy soil in one direction 
'or into a heavy loam in the other, and a heavy loam in its turn merges 
into a clay. 

The size of the individual particles of the soil governs the size of the 
air spaces between them and so affects the rate of percolation. IVIicn, 
as in the case of clay, the particles become so small that the friction 
between them and the water is greater than the bead on the latter, the 
process of filtration becomes impossible, and the water simply flows 
over the surface of the ground, irrigation being the result. 

The experts employed by the Royal Commission on Sewage Disposal 
made very careful mechanical analyses of the soils of the various sewago 
farms under their observation and determined — 

(1) The number of particles in a unit weight of soil. 

(2) The size of the air spaces between those particles. 

(3) Tiie proportion of humus or modified organic matter which the 
soil contains. 

They expressed the opinion that ifa sufficient number of such aualjscs 
were available for reference they would afford valuable daUa as to the 
volume of sewage of given strength which any particular soil might be 
reasonably expected to purify. 

In a given volume of a coarse gravelly or sandy soil there must be a 
smaller number of particles than in an equal volume of a light loam, 
and similarly it is evident that a light loam contains fewer partalts 
than a heavy loam or a clsj'. 

Experience has proved tiiat a light loam gives Letter results os regards 
sewage purification than cither sand or clay, and investigation was 
undertaken with a view of finding an approximate limit of llie num1>cr 
of particles permissible m a unit volume of soil winch will eflicieotljr 
purify sewage. Tims an appivximate estimate could be made of the 
quantity of sewage which any so*l or sub-oil would purify. 

An elaborate description is given to Vol. IV. of the sapplemcatarr 
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Tolnmcs rrc«cntc<l wilh tlio Foiirlh Report of the Comtnis^ton of the 
methods cinplojcd to nnatrfc the soil*, into which it is impossiMc to 
enter hero, but it may he of interest to "ire tlie results so far as they 
apply to the farms already referred to. See Table 10.'*, p. G12. 

It ttill be nnticcxl that the differences arc very marked in the last two 
columns of “ Diict” and “Clay.’* 

The “Dust” referred to eonsisls of particles below O’OOI c.ra. 
diameter which settle from water in twenty-four hours. The “Clay” 
is the residue in suspension which will precipitate wtlli the aid of dilute 
nitric acid. 

The conclusion arrived at was that the results obtained were too few 
to draw general deductions, hut they show that it is possible to say 
whether or not a given soil was fiitilable for sewage purification by 
filtration, and the same thing holds in a lesser degree as regards 
suitability of surfucc irrigation. Farther, they lend to indicate thattlie 
maximum number of particles per grain of soil which is allowable if the 
filtration is to be cllicient (a suitable subsoil being assumed) is some- 
where about 1,000 millions Ihongh this figure is put forward with 
reserve, as it requires corroboration. 

This method of examining soils for snitabihty for sewage purification 
appears to he one which is well worth following up, and is essentially one 
which appeals to tlie engineer. It is tol>c hoped therefore that further 
experiments may in future be made on tho<e lines, and that mformation 
on the subject may be accumulated for fntnrc reference. 

storm-water Filters. — When lay mg ont a sea age farm it is desirable, 
especially in the case of an irrigation farm, to construct an nrtifici.d 
filter for use in times of emergency, during long spells of net weather, 
and daring the reaping of crops. 

If the land available is very light sandy soil, the filter may be con- 
structed by banking round a plot and freely under-diaiuing it ; the 
sewage can then be run on nntil the land is flooded. 

In ca«cs wlieie the land is of loo retentive a character to do this t!io 
filter may be formed by excavating the clay to a depth of 3 to 4 
feet and burning it and restoring it to its position as burnt balla«t. 
This can bo done at a cost of about 2 j, jicr cubic yard, and arougii 
filter such as described can be constrncted for about £1,5U0 per acre. 
Engine aslies may be used for the same purpose, or destructor clinkers. 

These artificial filters cannot be need for growing crops, and their 
surfaces should be kept clean and free from weeds. Small quantities of 
sewage should be applied to them periodically m dry weather to keep 
them m condition and ready to receive sewage when the emergency 
arises. 
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Management of Sewage Fanns. — The question of the management 
of sewage iarms has been ndmiiably Bummed up in an Appendix to the 
Fourth Report of tlic Royal Commission on the Purification of Sewage 
as follows ; — 

There can be no doubt that even the best of sewage farms, with the 
most suitable soil, will under continued bad management fail to turn 
out a satisfactory effluent. 

The question of whether or not a particular farm is going to purify 
the sewage efficiently depends mainly on the manager, assuming, of 
course, that the farm has heeii properly laid out in the first instance, 
that it lias a reasonable volume of sewage to treat, and that the manager 
has (within certain limits) a free Land in the supervision of sewaging 
operations. The fact, however, must not be lost sight of that he has 
often a most difficult post to fill, especially with regard to the crops. 
The effectual purification of sewage, even with suitable land, can only 
be accomplished wlion the farming operations are relegated to the back- 
giound and the pioduction of a good effluent considered of primaiy 
importance. On the other hand, the manager knows that the crops will 
probably form an important item in his receipts at the end of the year, 
and lie not unnaturally wishes it to appear that the farm is being 
norked economically under his supervision. Hence there is a tempta- 
tion to grow remunerative crops, e.g., cereals, that cannot be sewagod 
(at nil events for the greater part of the year), or to refrain from the 
further eewaging of crops which may be damaged thereby ; meanwhile 
tlie land which is under sewage must needs yield, owing to the lack of 
rest, increasingly unsatisfactory effluents. There may, of course, he some 
farms whcic the largo area at command in proportion to the volume of 
sewage to be “ treated *’ renders the growing of grain crops justifiable, 
but these arc exceptions to the general rule. Land is usually too 
cxpensiNC in the immediate vicinity of towns to allow of this, and tlic 
tendency is to f.ike too little rather than too much land for a sewage 
fium. 

SjTcaking generally, laigo farms are better managed tlinn small ones, 
tliis being in gieat measure due to the fact that the salary attached to 
the latter does not always offer siilllcient inducement to a competent 
man to undertake the (Intic.s. In many instances there arc small 
districtK fairly near together, each with its own sewage farm. In such 
eaJos a comhiiie<l scheme would apprar to he odvontagoous ; by adopt- 
ing this course an adequate salary could hcjiaul so ns to secure an 
efficient manager, while the annual cost of treating the sewage «onld 
also be Ics'cncd. On the other hand, it is j> 05 siblc to have a sen age 
farm so large as in a eciiec to be unwieldy. 

It seems desirable tliat managers should employ day by day some 
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simple chemical test or testa to enable them to follow the results of the 
working of the farm to the best ndrantngc. It is probable that attention 
to this point would do much to foster the desire on their part to turn 
out the best cfHuent possible, at the expense, if necessary, of the 
crops. This question is raiserl quite apnit from the larger one of 
appointing a qualified chemist in connection with all large sewage 
disposal works. 

In the case of a new farm it would seem advisable, if pincticable, 
that the prospective manager should be on the spot while the works 
were being cairicd out, as he would thereby obtain an insight into 
details which otherwise it might take him some time to discover {c.g., 
the nature of the soil and aiibsoil on different parts of the farms, as 
disclosed by drainage operations). In connection with tlii®, it may be 
remarked that the soil and siil«oil are rarely uniform in natuie 
throughout a farm, and that therefore the various plots cannot all take 
the same quantity of sewage. 

Wc are unable to recommend the abandonment of farming operations 
even in connection witli filtration sewage farms, because, if intelligently 
pursued, they make for profit with increased efficiency of the land. The 
farming operations, however, should always bounder the control of the 
anthoritics responsible for the proper working of tlic farm, and the 
managpr should receive written and explicit directions to regard the 
crops as of secondary importance to the uniform and satisfactory 
purification of the sewage. 

PnF.ciprrATioK. 

The method of precipitation is more properly callwl the chemical 
treatment of sewage ; it means the formation of solid compounds 
by introducing chemical substances into llie sewage. Tiie solids 
so formed, m settling, drag down with them the suspended matters 
held in solution in the sewage, together with a small proportion 
of the polluting matters j the proportion, of course, vanes with tiie 
amount of solid matters deposited. The eflliicnt from the tanks m.ny 
be discharged direct into the sea or n tidal estuary, and under certain 
conditions into streams or rivers. In mo<5t case®, liowcvcr, when the 
final efnuent is to be dischaigcil into a small strc.im, further trvatmMil 
is required after precipitation either by impitiou or filtration ihrutigh 
land, filtration through specinlly prepared filters, or Uactcria NsK 

Precipitation tanks are con-triicte»l on similar lines to the si.tli rnent 
tanks already described when dealing with I.and Treatim nt. and tl e.T 
are one or too proprietary tank® nhirh will tv difcril<-<i Uttr. 

The tanks may be workisl on theeoiitiiiiiou® principle or intcre-ittmtl.r 
on the quiescent principle. In the latter ca^e the li'iaid i* i-eca. tc 
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througli floating nrms such as that fllusUatetl in Fig. 407, made by 
Messrs Goddard, Massey & Warner. They may be an-anged with sitiice 
ralres cither inside or outside the tanks. 

Keirby’s Patent Mixer is shown in Fig. 468. It is intended for 
BOppiying piecipitatiiig material to sewage in Jump or powder. It is 
claimed that this machine will dissoire and distribute with certainty and 
regularity any of the well-known prccipitants (in lump or in powder) 



and automatically vary the strengths of tlio precipitants in Roliition 
according to the incre.tsc .and decrease in the flow of sewage. 

The miver has a perforated cage or r3-Under containing the precipitant, 
and Is surrounded by an outer cylimlcr sufliciently large for clearance 
and is mounted upon a sliall in the /ramc of the outer cylinder ; anti 
jic.nr the Iwftom of the otiter cylinder issccti.'vd a pipe, connected to a 
water supply, reijuia**! to i]issol\*c the precipitant, and at another part of 
the outer cylinder, at about the same level, is an outlet to nJiich 
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is coupled a swivel joint and pipe, or hollow arm, through which the 
solution from the cylinder is discharged. This arm is capable of being 
raised or lowered by a connection to a float in the culvert, drain, snrap, 
or other convenient place into whicli the sewage is admitted or tlirough 
which it flows. The inner cage is so .arranged that it can be rotated, 
and by its rotation the water is agitated and produces rapid absorption. 
It will be understood tliat as the flow of sewage increases the float 



yill raise tlie outlet arm, and tberoby rai'C the liquid to a greater h'-ight 
in the eyhmlors. and so absorb morcof the precipitant, and con«'-qn' ntlr 
a stronger solution will lie discharged, niul ive irrM, a« the t ow of 
S'wago dccrcacis and the outlet arm falK the leiel of the Ii'|ai>l in tl.** 
^jhndcrs will lio lower, and less of the prcnpitaiit will be di^'ilvol. 

«(ljH'fabIo slide is seciin'tl to theraotaMc snn, wbxb 
•noans of regiihting tlm nuinlior of grams of tbe jin-ctpiUnl to ei'-i 
ft^lloii of pewage mukrtrcatincnt. 
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through floating arms such as that illnstvated in Fig. 407, made by 
Messrs. Goddard, jrassey TVarncr. Tliey may he arranged witlj sluice 
valves either inside or outside the tanks. 

Keirby’s Patent Mixer is shown in Fig. 468. It is intended for 
supplying precipitating material to sewage in lump or powder. It is 
claimed that this machine will dissolve and distribute with certainty and 
regularity any of the well-known precipitants (in lump or in powder) 



Fir. 467. — FlcMlinf; Arm, with Sluice Valves. 


and aulomatiwlly vary the strengths of the precipitants in solution 
accoiding to the increase and decrease in the flow of sewage. 

TIjc mj-ver has a perforated cage or cylinder containing the precipitant, 
and is surronntlcd hy an outer cylinder sufficiently large for clearance 
and is mounted upon a shaft in the frame of the outer cylinder ; and 
near the bottom of the outer cylinder is secured a pipe, connected to a 
water supply, required to dis.solvc the precipitant, and at anotfier part of 
the outer cylinder, at about the same level, is an outlet to which 
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Is coupled a swivel joint and pipe, or hollow arm, tlirongh which the 
solution from the cylinder is discharged. This arm is capable of being 
raised or lowered by a connection to a float in the culvert, drain, sump, 
or other convenient place into which the sewage is admitted or through 
which it flows. The inner cage is so arranged that it can be rotated, 
and by its rotation the water is agitated and produces rapid absorption. 
It will be understood that as the flow of sewage increases the float 



will raise tlio outlet arm, and thereby rai'C the liquid to a greater height 
in the cylinder*, and so absorb more of iheprecipiUmt. and cons'-qui-ntlr 
a stronger soliitum will l«e discharged, and rire irrfii, a? the How of 
sewage decrease'* and the outlet arm falls the Icm'I of the Injiiid in the 
cyliiulers will K' lower, and lc«x of the prceipuanl will be ih^'^lveil. 

.\n adjustable «lide is scciiml to the movable ann, winch alTi'nl* a 
means of regiilatnis tb*' imml»cr of grains of the pri‘cij>itint to cseli 
gallon of sewage under treatment. 
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Only a very small quantity of water (sewage water or olhcnvisc) is 
required to be constantly running through the mixer. The quantity 
does not require varying ; it is the strength of the solution that is 
varied and not the volume. 

There is a great variety of these machines, such as that made by 
SFr. John IVolstenholme, Sfessrs. Goddard, ^lassey & 17arner, Ifcssrs. 
Bowes-Scott & "W'eston, and other makers. 

Precipitating Agents. — The conditions for a good precipitating agent 
arc as follows : — 

1. It should be cheap and abundant. 

2. It should cause rapid subsidence of the precipitate formed. 

8. It should be neither actively nor cumulatively poisonous. 

4. It should not have a tendency to render any portion of the 
suspended matters soluble. 

5. It should not have any distinct colour, nor generate one with the 
substances it may encounter. 

C, It should ensure the production of a precipitate of mliirinnm bulk 
with maximum defecation. 

7. The resultant clllucnt should not be strongly alkaline or ncul. 

8, The precipitate or sludge should part with moisture readily. 

It may be further noted that sewage is more easily prcclp}t.itcd when 
warm than when cold, and also when the precipitating agent is added 
to It hot. 

According to Mr. Dibdin, it is very necessary before adopting any 
system of precipitation to consider the question of the possible solvent 
action of the reagent 'on the suspcndcil matters contained in the 
particular sewage to he treated. An excessive use of chemicals for 
precipitating purposes is to be avoided, ns it is not only a waste to use 
more than is absolutely neccs5.iry, but the beuchcj.iJ action of tlic 
precipitant is actually reduced by such excess. 

Variety of Procipitants. — .V vast number of precipitants have been 
tried, of which the following arc the principal. 

Lime. — ^Tlic lime process consists in the addition of lime in a perfectly 
caustic state, in surying proportions, nsunJly nlwut tiulve groins per 
g.illon, after a preliminary straining of the sewage. 

The lime is fir^t of all well slaked with water, and ground in a mortar 
mill, or lime miser, so as t«) be in n finely divided or creamy condition ; 
It is then necessary to thoroughly incorporate it with the sewage, and 
agitate it well iK'fore allowing the mixtum to solllo. It should after- 
«nnls l<e allowod to re«t quietly for one hmir nt but wliirc the 
amount of sewage to lie dealt with is large, this is not pnicticablo, and 
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tlie conliniinii* lin» (n Itr ndnptn!. Tlie prccipilafc plionld be con- 

FolTdafnl nnd (?^privc<^ of !(* wafer foon a« ]*nBs{{iIo, m pulrcfaction 
fof-n F''t« In and crrnlc^ n nulMnce. 

The ]>urr»l lime ^'lonld !« rticli m Uiat obtainable from Ihc upper 
cbalk and tbc crjflnlline ImieMoncH of Dcrbysblrc and other countic*!. 

The addition to tbc nliove of J pram of chloride of lime per pallon of 
scrape i« pnppo»o«l to hare Itencficial rwuh«, c«i>cciallj in liot weather, 
in prevontinp the crowlh of fanpn«. 

TIjc cost of llnV jiroces? h.w l»eon found to be about ciphtpcncc per 
head of jwjmlalion per annum. This pttcipilanl, honcrer, render-* the 
clllucnt alkaline, and its dlfcharpo into riven* favours decomposition and 
is very dc«tnicti\c to fish. 

Lime and Sulphate of Iron or Oreen Copperas, — For some years 
lime in rolntinn and sulphate of iron have l>ccn used ns prccijiitntinp 
apents In connection with the di«pos,il of the Metropolitan sewape at 
Ilarkinp and Cn>«snc<«. The pri*portion employed is about five grains 
of lime and one of sulphate of iron to a gallon of sewage. The object is 
to P 0 |var»lc tbc solid matters in *usj>cnsion from those in solution, the 
latter being scarcely at all atTcclcd by the process, though a certain 
percentage of them is also removed where the conditions arc favourable, 
i)iit no rediance can be placed on such n result ns a rule. 

Tbc amount of lime used must be strictly limited, ns it has the effect 
of rendering a portion of the snspended matters soluble, and Urns 
damaging tbc character of the clTlacnt .Special mi-xers are used for 
mixing and adding the Hrac and the iron to the sewage. 

The precipitating tanks at Harking and Crossness arc on the con- 
tinuous flow principle, so that the amount of deposits is not so great as 
it otherwise might be. The composition of the crude sewage ns received, 
according to Mr, Dibdin,’' varies very much with the time of year, as all 
storm-water is included, the average number of grains of suspended 
matter per gallon being from 21)'! to 38*1, and in the cllluetit after 
precipitation from 5*0 to 8*9 ; the matters still remaining in solution in 
the sewage effluent arc those most readily oxidised by tbe action of the 
river. 

These prccipitants were also used by the Jlanchester Corporation 
l^eforc tbe introduction of the bacterial system, the proportions being 
lime from C'28 to 2'C8 grains per gallon, and copperas C'04 to 2*24 
grams per gallon. Huddersfield used hme 3'4 grains and copperas 
2-C grains ; and Oldham hme 4 grains to copperas 1 grain per gallon. 

Lime and Alumina are used in the proportions of two of Hme to one 
of alumina, the ordinary quantities being 10 grams of lime and 5 grains 

• Vt^e “ Purilication of Sewage and AVatcr," by AV. J, Dibdin, P.I.C., F.C S. 
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of alumina per gallon. These quantities may bo varied to suit the 
strength of the sewage. 

Spence’s “Alumino-ferric.” — Lime and alumino-ferric weie used as 
the precipitating agents at Chiswick. The lime (seven grains to the 
gallon) was slaked and thoroughly mixed with water, and it was then 
added to the sewage and carefully mixed with it by means of an agitator 
and a winding channel, along which the sewage and lime flowed, when it 
arrived at the mixing shed, where the alum in solution, in the propor- 
tion of five grains to the gallon, was added and thoroughly incorporated 
by further agitation. The treated sewage was then led by a distributing 
channel to tlie settling tanks. The mode of treatment was adopted on 
the rccommcudatiou of Dr. Tidy, and for a time its employment was 
satisfactory to the Thames Conservators. In 1907, however, the Conser- 
vators picsscd the Council to carry out an improved method of purifica- 
tion, and precipitation alone aviII not meet the requirements of the case. 

This mixture has been extensively used as a precipitant in various 
towns, amongst which may be mentioned Balby, until their new sewage 
works were built, the proportions In that c-aso being lime 10 grains and 
nlnmino-fcrrio S| groins per gollon. Hendon U.D.O. uso alumino-ferric 
niono at the rate of o grains per gallon as a preliminary trentment to 
bacterial filtration. Heywood sewage is precipitated with 8} grains of 
alumino-ferric per gallon. 

Comparative Advantages of the different Prscipitants. — Tlie 
following arc extracts from the report of the State Board of Health of 
5ra«sachusetts (pp. 78C — 791), giving the geiicml view of the results 
of their investigations ; — 

“The lime procc.ss has little to recommend it. Owing to the large 
amount of lime water required, and the dilllculty of accuiately adjusting 
tlie lime to the sewage, very close supervision would he required to 
obtain a gooil result, and even then the result is inferior to that obtained 
in other ways 

“Precipitation by copperas is .also somewhat complicated, owing to 
tlic necessity of getting the right amount of lime mixed n ith tlie "cu age 
before adding the copperas. 'When tlusisdoiica good result is obtained. 
The amount of iron left in the cinnciit is much greater than uith feme 
sulphate, owing to the greater solubility of ferrous hydroxide. Ferric 
sulphate and alum haic the advantage over both lime ami cop|)cias, 
that their addition in concentrated solution can be accurately controlled, 
and the success of the opciation docs not depend upon the accurate 
ndj'iistmcnt of lime or any chcn)ic.al to the sewage. 

“ The results witli ferric sulphate have been, on the wlinlc, more sati«- 
fuctory than those with alum. This seems to be due m part to the 
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greater rapidity with which prccipitotiou takes place, and in part to the 
greater weight of the precipitate. It is probable, from the gi cater ease 
with which ferric sulphate is precipitated, that it would give a good 
result witli a sewage that was not Buflicicntly alkaline to precipitate alum 
at once. 

“It is quite possible that the same process would not give equally 
good results upon all kinds of sewage. Special sewages may require 
special treatment. For this reason, and also on account of changes in 
the prices of the several chemicals, it is impossible to say that one 
precipitant is universally better than another. 

“In the later experiments, from 25 to 13 per cent, of the soluble 
organic matter, as shown by the albuminoid ammonia, and loss on 
ignition, was removed by copperas, ferric sulphate, or alum, costing from 
30 to 40 cents per inhabitant annually. In addition to this, all of the 
suspended matter was removed. 

“The average composition of sewage used for these esporiments, and 
also the average analysis of 2C2 samples of sewage, from November Ut, 
1888, to October 3Ut, 1889, ccenly distributed throughout the year, 
is as follows 


TABLE 106. 


AVERAGE COlirO&lTlON OF THE SEWAGE USED. 
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In solution, filtered 
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In suspension 
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I roc ammonia, total 



In solution 


^ " 


“ In the sewage used for the experiments, 41 per cent, of the organic 
matter, as shown by tbc albuminoid aminoma, was in piisiK-msion, wliile 
in the year’s sewage tbc proportion was 50 jxir cent. I/!t us take 45 per 
cent, as the average. If weean removeSO j'crcciit. of ihc soluble organic 
matter, and all of the suspended, we shall leave only 70 jxt cent, of the 
55 per cent, soluble oi^nnic matter, or 38 jicr ci.ut. of the whole ; while, 
if wc remove 40 j^cr cent, of the soluble organic iiiatter, the amount hft 
will be only 33 jier cent, of the whole. 

“Of the other substances present, the insoluble inorganic matter?, 
mainly sand, are removed almost completely, wliile the soluble salts 
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Ferozone, or magnetic ferrons carbon, is prepared from the same 
mineral that forms the basis of polarite, but is treated in a dilTerent 
manner. It is rich in ferrous iron, and contains also alum, calcium, 
sulphate of magnesia, and rustless magnetic oxide of iron. 

The soluble portion of the material, when mixed A\ith the alkaline 
sewage, forms a slight precipitate, and the insoluble portion (spongy 
magnetic oxide) assists in the subsidence, and, from its porous nature, 
also acts as an absorbent of some of the oiganic matter ; the particles 
of oxide, being porous and magnetic, part with their polarized oxygen, 
thereby assisting in the disinfection and deodorizing of the sewage and 
sludge. 

Polarite is the trade name for magnetic spongy carbon 5 it is prepared 
from' a peculiar description of iron found in certain parts of South 
Wales. In its original state it is hard, nou'absorptive, and non- 
magnetic. It is carbonized in retorts, and treated by a patented 
process, and then granulated to the degree of fineness required. This 
mineral has been tested by Sir H. Roscoe, M.P., F.R.S., etc., and be 
states that the “porous nature of the oxide, its complete insolubility, 
and its freedom from rueting, constitute its claim to bo consideied a 
valuable filtering raateiial.” It cootaics no poisonous metal, is very 
hard, porous, and absorptive. 

This system of purification has boon installed in various places, but is 
now recognised as being only n precipitation process, and if a good 
effluent is desired a further treatment on land or bacterial filters is 
neceasary. 

The Hermite Process. — This system was in operation in Ipswicli. 
Electricity was employed to produce deodorizing and antiseptic fluid, 
either from sea-water or from a solution of magnesium and sodium 
chlorides. The resulting liquid was then applied directly to the drains 
instead of at the outfall as in other systems. At Ipswich the antiseptic 
fluid was turned into the head of the main sewer, but another method 
suggested is to supjily it to all houses for the purpose of flushing the 
w.c.’s and drains. The process depends on the formation of nascent 
oxygen held in suspension by hypochlorite of magnesia, obtained by 
passing a current through the sea-water between platinum and zinc 
electrodes. The oxygen thus obtained is the antiseptic. 

In 1905, after working ten years, the Ipswich Corporation decided to 
abandon the process on the ground that the results obtained did not 
justify the expenditure. Tbc only other installation on an extensive 
scale on this system was at Netley Hospital, wheie all water-closets were 
supplied with hermite solution. 

Electrolysis. — Precipitation by electrolysiB, which ia also known as 
“Webster’s” process, for the electrical purification of sewage was tried 
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at Crossness in 1800 and 1891| but mis given up on account of the 
expense of renewing the electrodes. 

• The following is a (Icscription of the metliod employed by 3Ir. 
Webster: — 

The first experiments were condncled with platinum platc«i, but 
their cost was prohibitive, besides which there was a very slight action 
on the positive plate pointing to its ultimate destruction ; there was no 
precipitation in the sewage of the matters in suspension, and, as this 
is absolutely necessary, the more complete this is, the better the ultimate 
result. It was found that osidablc plates produced tlie desired results. 
These plates must be of such roateiial that they have no poisonous after 
effects, cither on land or in rivers. The metals should bo cither 
aluminium or iron, hut the first-named is out of the qnestion owing to its 
cost, and then iron, besides having the advantage as regards price, has, 
in the form of oxide, many valuable qualities, one of the chief being 
that Bulplmrettcd hydrogen c.annot exist when ferrous, or ferric, oxides 
arc present. 

The success of the laboratory experiments was such that Jlr. TTebster 
asked for and obtained pcnnission to set up plant at Crossness, near tlic 
southern outfall of the Metropolitan sewage into tlie Thames, for the 
purpose of demonstiating on a practical scale tlic advaotnges of the 
process, and it was conclusively proved that cast-iron plates of the 
commonest quality employed as electrodes gave the best results. For 
treating sewage, or impure water, the fluid is allowed to flow through 
suitably coiistiuctcd cbanncls coDlainmg iron plates sot longitudinally, 
the nlternate plates being coniiectcil respectively witli the positive and 
negative terminals of a dynamo. The sewage, or impure liquid, in its 
passage through these channels becomes split up by the electric action. 
The matters in suspension iii sewage, and part of the organic matter, 
are not only removed by precipitation, but the soluble organic matter 
IS oxidized and burnt up by the nascent oxygen, and cbloniie oxides 
evolved, and this oxidization may be earned to any extent, according 
to the ainoiint of purification rc<juired. 

Tlie fact that water is c.isily decomposed, provided the current of 
electricity is of sufllcicut intensity, mid also that tlie effi-cts produced 
are precisely in ncconl.ii)cc with tlie chemical equivalents of the sub- 
slinces electrolysed, is practic.a11y the explanation of tlie whole svstem, 
for the chemical changes that take place in sewage when it isoIextroIyK-d 
depend chiefly ou the well-known fact that sodium, magnesium, and 
otlier chlorides (which are .always present in R-wage) are split up into 
llicir constituent parts. .\t the po«itivc pole tlie chlorine and oxygen 
given off combine aith the iron to form a salt, wliich 3Ir. Wtlf-tcr 
bebcies is a liyj>ocblorite of the metal, but it mirae-diatilr thanges iuto 
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a chJondc', wlifch, ta its turn, is dcpuyed of chlorine to form ferrous 
carbonates and oxides. During the chemical action carbonate of iron 
exists in solution, and its formation is due to tljc presence of carbonates 
in the sewage, cbieBy carbonate of ammonia. In samples that are 
nboiuteiy free from dissolved oxygen the ferrous oxide in the wJjito 
form is precipitated, and, on shaking up aith air, it changes to tiic- 
usual pale green colour. The c.uboJMte of iron at the sarae time being 
oxidized, the ultimate precipitate is red, known as ferric oxide (Fe^Og), 
and it is noticed that sometimes this changes, after a time, back again 
to the ferrous state (FeO), thus showing tliat it has acted as a cairier 
of oxygen to the organic matter present. 

The oiganic matter in solution of the particular sewage treated 
with 0'2J} amperes per gallon showed a reduction of Cl per cent. 

The bacteria question }s one which iias probably stiJJ to be settled { 
and being anxious to have some information as to the action of the iron 
compound produced by elcctro*chcmical decompositions, Jlr. Wclister 
had some experiments carried out, with the lesult that after a given 
treatment the wliolc of the bacteria were killed. In the case of oxperi- 
mcuts carried out in Paris nith ordinary irealraeni by means of iron 
electrodes, the results were as follows : — 

RicrS«R»^'e ESIii«nt 

Organisms per cubic centimetre ... b, 000,000 ... fiOO 

Another experiment, in which the effluent was treated still fmther, 
so that a sliglit odour of oxide of chlorine was perceptible, destroyed all 
organisms, and the liquid remained sterile. 

A thorougii investigation of the process ^\as carried out at AVclistcr’s 
experimental works by Sir Henry Koscoe, M.I’., F.U.S., and by Sir. 
AUrcd E. Fletcher, F.C.S., 3-M.C. (11.31. Inspector under the liners 
Pollution Prevention Act for Scotland), the quantity of Doudon sewage 
operated upon in each experiment being about g0,<(00 gnlions. 

Sir Henry Roscoe rcpovtcd as follows ; — 

" The reduction of organic roolier in solution is the crucial test of the 
value of a purifying agent, for unless the organic matter is reduced the 
iffluent win putrefy and rapidly become offensive. 

“I have not observed in any of the unliltcred effluents fiom ibii 
prccc^s which I bare examined any signs of puirtfaetum. hut, on the 
continrj, a tendency to oxidize- ^»c absence ofenlpfiurcttcd ffydftigcn 
in samples of nnfiitcred ifilncnt which hate been kept for about six 
weeks in stoppered bottles is aho a fact of im|»orlaiice. 'I lie suttk-d 
sewage vrcLS not in this condition, as it rapidly nmkrwent putrcfucthm, 
even in contact with air, in two or three dajs. 

“The tcsuUb of this chemical investigation show that (bo clinf 
Rilvantnees of this system of nuriGcation ore 
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"Fi'rsf . — The nctivc ngcnt, hjilralctl ferrous oxide, is prepared rrithin 
the sewage itself ns a flocculcnt precipitate. (It is scarcely necessary to 
add that the inorganic wits in solution are not increased, ns in tlic case 
whore chemicals in solution arc added to the sewage.) Not only docs 
it act ns a mechanical precipitant, but it possesses the property of 
combining cbemicaWy wilb Bome of the Bolnble organic matter, and 
carrying it down in an insoluble form. 

Second . — Hydrated ferrous oxide is a deodorizer. 

” Third . — By this process the soluble oi^anic matter is reduced to a 
condition favourable to the further and complete purification by natural 
agencies. 

“ Jawr/A. — The emnent is not liable to secondary putrefaction.” 

ilr. Alfred E. rictchcr reports ns follows ; — 

" The treatment causes a reduction in the oxidablc matter in the 
sewage, varying from fiO to 80 per cent. The practical result of the 
process is a very rapid and complete clarification of the sewage, which 
enables the sludge to separate freely. 

“It was noticed that while the raw sewage filters very slowly, so that 
600 cubic centimetres required 9C hours to pass through a paper filter, 
the electrically treated sewage settled well and filtered rapidly. 

“ Samples of the raw sewage having but little smell wlien fresh, stank 
strongly on the third day. The treated samples, however, had no smell 
originally, and remain sweet, without putrefactive change. 

“ In producing this result two agencies arc at work ; there is the 
action of electrolysis, and the formation of a hydrated oxide of iron. It 
is not possible, perhaps, to define the exact actum, but as the formation 
of an iron oxide is part of it, it seemed desirable to ascertain wliether 
the simple addition of a salt of iron, with lime sufiicicnt to neutralize 
the acid of the salt, would produce results similar to those attamed by 
Webster’s process. 

” In order to make these experiments, samples of fresh raw sewage 
were taken at Crossness at intervals of one hour during the day. As 
much as 10 grams of different salts of iron were added per gallon, plus 
167 grains of lime in some cases, and 125 grains of lime in another, 
and the treated sewage was allowed to settle twenty-four hours ; 
tlie results obtained were not nearly as good os by the electrical 
method. 

“ The result of my examination of this process has been to convince 
me of Us efficiency in clanlying sewage, of removing smell, and in pre- 
venting putrefaction of the eflluent. I am of opinion that such an 
effluent as I saw at Crossness can be discharged into a river, or, after 
passing through a thin layer of sand, even into a stream, without causing 
any nuisance.” 
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The necessary plant consists of electrolytic channels containing the 
iron plates, the copper conductotB and measnring instruments, dynamos, 
engines, and boilers. Thirty elfcctiv'c horse-power should be provided for 
treating one million gallons of sewage in tweiity-four hours (representing 
a to\rn of 30 000 inbabiiants), nssnroing that about 400 tons of iron are 
aid doun. This is estimated as ton years’ supply, the iron consumed 
liaving been ascertainod to he ahonl forty-five tons per million gallons per 
annum. But ns the amount of iron laid doaui is in inverse proportion 
to the borsc-powcr required, these two factors can be varied to suit the 
sj)ecial requirements of each case. It should, however, be borne in mind 
tliat the larger the qviantity of iron laid down the longer it will last, 
aud the cheaper it will be in the long run. 
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SIAVAGE niSrOSATi. ARTIFICIAL BACTERIAL METHODS. 

Homoval of Suspended Solids. — ^Tlie climinntioii of the siispemlecl 
matter in Ec\vii"c, in oilier word*, the sludge problem, is still the most 
pressing difiiculty in the minds of sew-nge engineers. 

The methods of cfTectlng this object, apart from the c-ise irliore the 
crude sewage is applied to land, arc : — 

(1) Nntunil subsidence. 

(2) Precipitation by means of chemicals. 

(S) Liquefaction m septic tanks. 

(4) Separators. 

(5) Liquefaction in hydroUtic tanks. 

(C) Roughing filters. 

(7) Contact beds. 

These methods, except the last, have uirc.idy been briefly lefencd to, 
and it is not now proposed to say an.uhmg further with logard to tho 
first two, except that where chemicals aie used for precipitation the 
resulting efUucnt should he ncntrul, or at least not acid, if tho final 
process iiivohes any form of nUnlic.ition, as it is generally held that 
nitrifying organisms are inhibited by the presence of acids. 

In considering this part of the problem in connection with bacteual 
systems of purification the qnestion inuy be discussed ns to when the 
solids should be rcmo\ed,and on this point cousideruble diffeicncc of 
opinion exists. 

Alany hold that the solids should he cluniiiated at the cailiest possible 
moment and that *tlie liquid when applied to contact beds or trickling 
filters sliould contain practically nothing but mattcis in solntiou. 

The consideration of tins question involves that of the necessity or 
otherwise of an anaerobic treatment for the con ect carrying out of sewage 
purification ; in other words, is it nccessaiy that putiefaction should take 
place before oxidation can commence ? 

At one time it was looked upon almost as an axiom that this steji was 
a necessary stage in the process of pnrific.atiou ; it may be well therefoi-u 
to examine the evidence on the other side. Going back to tlic early 
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liistory of the contact bed, we find in tJie London County Council 
experimental beds, and later at Satton, the principle adopted ofapplying 
sCrnde sewage direct to aerobic filters, and numerous installations have 
been carried out subsequently on these lines. 

It is true that in many of tliesc cases trouble has arisen through the 
sludging up of the beds due to the retention of the solid matter, hut the 
purification process was completed in spite of that defect. The slate 
filter worked as a contact bod, as suggested by ^fr. Pibdin, is intended to 
obviate the difficnlty of dealing with the sohds deposited in the bed, and 
yet to retain the principle of applying the senage to the aerobic process 
without the intenention of an anaerobic step. 

The Lcf-ds Corporation in Ihcir esperiments had a percolating bed 
constructed for the purpose of testing this point. The bed, wliich was 
known as the “ Leeds Dcd,” was constrncted of esceptionnlJy large 
clinkers, tbe pieces of the medium being so large that no attempt was 
made to arrest the suspended matter, but ou the contrary to allow it to 
pass freely through the bed. 

The sewage applied to tins bed was taken direct from tlie main ontfall 
Ecwer and was ivisscd through a fine screen with openings 
diameter, and was then taken to the bacteria bed, to which it was applied 
by means of ou ordinary revolving sprinkler. 

The cfDucnt from this bed was fonud to contain a lanre amount of 
suspended matter, which was subsequently removed by settlement or by 
filtration through sand. Both the liquid and the solids were uon*ptitn5S* 
cible, and the solids were c.isily dried and dealt with. This bed worked 
for some years without showing signs orblocking up. The I’othwcU 
Sewage IVorks subsequently referred to arc constructed on the same 
lines. 

It is, j-)crhaps, difiicult to determine where the anaerobic organisms in 
sewagccomracnce their work, but doubtless they athack the less stable 
organic matter such as urc.i at a very early moment, and their liquefying 
effect may be going on in the sewers long before the sewage roadies the 
djs2>o?al works. It is therefore imjiossiblc to say that no anaerobic 
organisms are workingornre necessary in the process of purification, but 
it is ajip.ircnt in circumstances so widely apart os London, Sutton, and 
Leeds that, whatever may be the cflict of the anaerobes before the sewage 
reaches the pnrificilion works, it is j*ossiblc to carry out a system of 
purification by aerobic mc.'ins without n separate anaerobic sta^e. 

One, therefore, is brought lothisconclusiim, that the sepanuionofthe 
suspended matter may be effettod cither before or after (he oxidizing 
process, and it will be* well Ihertforc to examine the arguments in favour 
, of both courses. 

The strongest reason why the solids should be remored before 
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application to bacteria beds is the danger of clioking the beds by the 
mineral matter and other nndissolved solids retained by the beds. 

This in the ease of ordinary contact beds is a rcryreal danger, but, os 
already noted, it may be jiossiblc to derise means of avoiding it by con- 
structing the roughing or coaise beds of suitable muterials from which 
the retained solids can be remoied by flushing or otherwise and be 
subsequently dealt with. 

With trickling beds or continuous flltcrs the danger can be avoided 
by making the filtering medium of very large size ; this can only be done 
when there is sufTicient depth available to give adequate surface in the 
interstices of the bed for the senage to trickle over and come in contact 
with the hacteiia; so that with shallow beds tiiis system is not 
applicable. 

Where shallow beds aie adopted the medium must be small, and to 
use small medium involves the application of a liquid free from 
suspended matter. 

As against the clioking of the filters tlicic is n very solid adrantngc 
to be gamed in dealing with the matter in susi^cnsion after oxidation, 
viz., that the sludge is more easily removed either by subsidence 
or filtration, and when removed it is much more easily dealt with 
without causing a nuisance than is the case with sludge removed before 
oxidation. 

The diiriculties of dealing with precipitated or settled sludge are well 
known and appreciated by those in chargeof sewage work", and it was 
supposed that the sludge fiom a septic lank would bo even more oflenMV e 
than cither. This view has, liowcter, been considerably modified, and 
it is now generally recognised that there need be no more nuisance with 
septic sludge than with precipitated or settled sludge. 

In septic sludge the pntrcracti>c changes lia\e largely taken place 
and been complctctl before the material is removed from the tanks, 
wlicreas this stage has not bccu reached by sludges produced by natural 
settlement or chemical preci|iiUtion. In practice m most ca«cs it has 
been found that the sludge from septic tanks has produced scry little 
nuisance on removal, and what smell there is has rapidly pas«etl off. 

It IS also found lh.at septic sludge is more deii'-e than precipitated 
sludge, and drains more fietly. In liCtd®, for instance, the wplic 
sludge contains from {kt cciil.t»» |>erccnt.or water, ngain*t '.*(» |er 
cent. Ill sludge pmluccd l»y other iiiLtlK><ls. Wlmi it is rniienil>ercd 
that Ml ()cr cent, sludge contains lialf the watir and o^viipii-s lialf iLe 
space of '.HI JH.T cent, sludge, it mil l>e scin that this pjint i« «f 
imjvirtance. 

It should l>c mentioned in comutlion with sej tic sludge that if it u 
desireHl to pn.'-s it into cike it oDirs con‘idt.nibl< diflieulty. 
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On the otlicr hand, the sludjni settled ont of sewage which has under- 
pone nn aerobic process does not putrefy or ennse a bad smell, and it is 
mneh more ea«ily dried and handled than ordinary slndge, Trora this 
point of riew, therefore, there is a very strong reason why the solids 
should not be remored until after oxidation. 

Turning now to the quantity of sludge produced, the following table 
gires the relative quantities of sludge produced by Leeds sewage by the 
prc'Oessc'i named. 

The crude sewage contains an average of 4*’ grains of suspended solids 
JXT gallon, and the chciuical pfecipitatiun was cfTected by the .addition 
of 1 0 grains of lime per gallon. 


TAtlLE |OT. 
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growth and action of anaerobic bacteria, which, put shortly, might be 
summed up ns the absence of light, exclusion of air, and the compar.i.tive 
quiescence of the sewage under treatment. 

These conditions can be obtained, ns to the first two, either by putting 
a coTer over the tanh, or trusting to the scum which rapidly forms on 
the surface of the liquid, whether it Is open or closed. 

Quiescence is ohLained by giving the tank sufilcicnt capacity and 
arrangnig llic inlets and the outlets therefrom in such way that its 
coutents arc disturbed ns little as i)Ossiblc by the flow passing through it. 

As to the results obtained from open and closed tanks, they are 
slightly in fii\our of the covered tank, which may be seen from the 
following tiblc of results obtained by the Leeds Corporation from 
experiments made with open and closed tanks side by side. 


TABLE lOS. 
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The average loss of temperature during cold wcatliei in the Ojicn 
tank was 1*C* F., and with the cIosckI tank F. 

In many situations, for mslhetic reasons, it would be desirable to 
have septic tanks covered, but. as may be seen ftout the above, it is uot 
absolutely necessary fiom tlic point ol view of punficatiou, the dilfer- 
ence, geuerally speaking, being very small indeed. 

With open tanks the gases pioduced are continually bciog dispersed, 
and consequently aic not so ofleusive as they would be if bottled up 
and then allowed to escape. In lar^c iiorks like Cnniingham, whore 
open tanks Itavc been in use for lai^c volumes of sewage, tlierc has nci er 
been any complaint of nuisance from smell. 

Hr. Dibdin has suggested the coveiiiisr of septic tanks with peat moss 
as an expedient for pieienting the esc.ipe of noxious gases. For small 
tanks this can be accomplished by stretching flat galvanized non wires 
across,the tanks at close intervals, and laying upon them close-woven 
sheep hurdles, both liurdlcs and wires having been picviously well 
tarred. 

Peat moss can tlieu be teased out, and spread over tlie hurdles to a 
deptli of (I inches, and allowed to lap over the side walls. At Car- 
sliallou this method was successful iu abating a nuisance and prevent- 
ing further complaints after a period of five years. The advantage of 
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It is (IcMfcncd for tlie imrpose of divWin" sewage or nmmifnctorv 
refuse into tliroc component parts. Kot only is tlie flow free from nil 
solid matters in suspension, but these solids nre divided into tho«c 
havin'; a lessor nnd those havin" n greater specific gravity than Mater. 

In many trade wastes the solids so divided form a hy-produet which 
would more than pay for their recovery. 

Tiie action of the apparatus may he shorily described ns follows (see 
Vig. IfiO, p. C37) 

The large cylinder having been fir«t filled witli water, tlio refuse to 
he treated is turned into the inlet chamber and is thence, by syplionic 
action, drawn through the large cylinder, the capacity of which is such 
ns to render the flow through it suflicicntly slow to admit of the lieavicr 
solids sinking to the cone-shaped bottom nnd the lighter rising to 
the top. 

From the bottom the heavier solids find their way into the deposit 
chninher, the liquid contents of ivluch are syphoned olfnt the same nite 
as the solids enter, t-o lliat when full of solids only a comparatively 
small percentage of moisture remains In this chamber. 

The lighter solids arc ejected from the top of the cylinder through 
tlic smaller cone nnd pijHj provided for the purpose, by turning on the 
water supply to (he cylinder, the other pi|)cs l>cing temporarily clo«cd. 

The liquid jiortion, after being freed from solids in suspension, is 
drawn by syplionic action into the large corcrul inverted cone and 
thence into the cfilncnt chamber and away— the rate of di'-chargc heing 
in exact proportion to that of the flow entering tlie inlet c!iainl»cr. 

. Travis Hytlrolytlo Tanka — ^I’hc hydrolytic tank dcMscd by Dr. Owen 
Travis, and first iiitrodnced at linmpton, is a proprietary tank, and a 
royalty must lie paid for its u«c. The largest and mn«t ri-cciit applieo- 
tion of the Hydrolytic Tank is at the Norwich Sewage Works, vOn re 
the (hty Ihiginctr, 3Ir. K. Collins, M.Iast.C.13., has mloptid this 
method of separating the solids from the liquid portion of the sewage 
of that city. The construction of the-c tanks is indicated in Tlnte !>., 
p. 010, which shows two, of a battery of four, tanks ami rlianiiierH 
de'«igtK'd to deal with a dry weatliir flow of ;I,oimi, 0 (mi pillons jter day 
and to give an eflluent containing not more solnls m sn«j>eaii()ii than 
would D- jirislueed by a first-class cliemieal precipitation pn-'c''*. 

The sewage after screening Is ]»umi>e<l llinmgh a tonsidemble h-nglh 
of rising main which delivers into the wiH «, from which tli<‘ s*-wnge 
is ili-'tribntcsl by the chanrnl A to the d«iwntaki-s r, ri‘gulatc<l by 
jsm«tocks through which it p.v-rs into lb»‘ sMhmntation ihamt^Tw of 
the detritus tanks r. Th'-*'’ tanks nre similar in njii'trm ti<>ii to il e 
hydrolytic tank* and arc dfigtiM so tint the hraiur solids will Ir 
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deposited by nccclerated gravitation to the sUidge valves at the bottom. 
Each detritus tank has a ca|ucitj* of 53,fi00 gallons. 

From the detritus tanks the senage passes by the channel / to the 
distribution channel A, and thence thtough similar downtakes i, regu- 
lated by penstocks, to the h\dro1}ttc tanks. Tliese tanks are divided 
into tlircc corapartincnis, the two outer ones hi: being sedimentation 
chambers, and the middle one I is the reduction chamber. At the 
bottom of the sedimentation chambers are narrow ports gg which lead 
into the lednction clinrahcr and form the only means of communication 
for liquids between h and /. 

A large portion of the sMimentatioii chamber 1:1: is filled with con- 
crete or wooden slabs suspended from steel joists in a vertical position 
with their planes panille! to the longitudinal avis of the tanks. By 
this arrangement the sewage flows between, and in contact with, the 
slabs which present a large surface to attract suspended solid matter m 
the sewage and to abstract, from the liquid, substances m colloidal con- 
dition. The materials deposited on the slabs slide down their vertical 
surfaces and pa«s through the ports gg to the reduction chamber /. 

The chambers kk arc open at the top, but the reduction chamber I is 
largely covered over, c.xcept for the openings m tlie gangway ns shown 
in the general plan. The floor of cliaml^r f lias longitudinal ond 
transverse slopes so ns to coablc the deposited sludge to flow ns com- 
pletely and as quickly as jiossible to the draw-olT valves, which disclmrgo 
to a system of sludge draius os shown on the longitudinal section A B. 

Tlie relative quantities of sewage iwssing into the compartments iA 
and I arc regulated by the weirs at x at the outlet ends, and as these weirs 
are at the B.ime level, the amount of liquid passing over each is propor- 
tionate to the breadths. The weir of the reduction chamber is one 
quartei tlie width of the two wens of the sedimentation chambers, and 
therefore the liquid flowing o\er it is one-fifth of tlie total quantity 
passing through the tank. This body of liquid constitutes a down- 
wardly projecting body which csuiies with it the sludge and depositing 
solids out of the sedimentation chambers, thereby ensuring a higher 
degree of clarification in the liquid issuing fiom those chambers. 

The effluent from tlie sedimentation chambers of the hydrolytic tank 
is delivered into the channel m and is passed by the by-pass p to the 
main ellluent channel. 

The capacity of e.icli hydrolytic tank is 200,000 gallons. 

The liquid from the reduction chamber is taken through two lines of 
pipcsy (sliown dotted) to the hydrolysing chamber « This chamber is 
constructed with sloping sides and floor and is almost completely filled 
■with concrete or wooden slabs hung from steel joists between which the 
liquid passes in the same way os in the sedimentation chambers of the 
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tank is formed with a circalar gutter, round which a sludge-removal 
pipe is arranged to rotate; this pipe has a full bore opening through- 
out, 80 that it cannot become chok^, and by its means any sludge or 
deposit is automatically removed and forced by the liydraulic head in 
the tank to a point within about 2 feet of the top water level, the 
removal of the slndgc being effected without the necessity of emptying 
tlie tank. The inner compartment of the tank is so arranged that 
fermenting sludge rising from the bottom does not pass into it, but 
rises in the outer compartment, and is thus prevented from escaping 
with the tank efflnent. 

Roughing Filters. — Roughing fillers have been used for many years 
as a preliminary means of removing suspended matter, the general 
arrangement being to filter upwards and to arrange for means of 
w.vshing with clean water downwards for cleansing purposes. 

More recently various workers in sewage purification, notably 
Mr. J. Corbett, Borough Engineer of Salford, have experimented with 
roughing filters of a mechanical type, using a large hydrostatic head to 
force the liquid througli the filters. 

This method of dealing with the susjieQdcd matter appears to oUcr a 
possible solution of the difficulty where the conditions are favourable to 
obtaining the necessary hydrostatic head without pumping. 

In connection with the Leeds bed and at the Rotbwell Sewage Works 
the roughing filter has been elTectivcIy used as a means of separating 
the solid matter after oxidation, in both cases the separation of the 
resulting sludge and its subsequent mauipulation causing no difficulty. 

Contact Beds. — Contact beds offer another means of removing 
suspended matter. Wlien the contact bed system was first introduced 
it was generally believed that all the solid matter was dissolved by the 
bacteria present in the bed. Careful measurements of the liquid con- 
tents of contact beds dealing with many different sewages have shown 
that there is a gradual diminution of capacity in every case. 

This loss of capacity is due to several causes. 

(1) The passing of sand, coal-dust, road grit and other mineral 
matter into the beds. Alnterinl of this character, or at all events the 
heavier part of it, should be separated by detritus tanks prior to the 
contact bed. 

(2) Degradation of the material forming the filtering medinm. This 
indicates the necessity of using only the hardest material for this purpose. 
Coke, soft clinker, coal, burnt ballast, and other similar materials are 
liable to reduction in size. 

(3) The consolidation of the material of the bed. Unless the material 
of a bed is uniform in size, the pulsations caused by filling and emptying 
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tbe bed tend to move the Bwall particles into the interstices bet«'ccn 
the larger, and bo to consolidate the whole. 

(4) The growth of organisms on tite filtering material. This action 
produces a mucus or gelatinous film on the surface of the separate 
p.articlcs of tlie filters, particularly near the surface. TJiis mucus can 
be considerably reduced in volume by resting the bed. 

(5) More organic solids being taken to the bed tiian it can digest. 
Cellulose, fibre and certain vegetable matters arc very sJoHiy dissolved 
and tend to block up the bed unless it is worked very slowly. 

(C) The presence in the senage of matters other than sand and ro.ad 
grit which cannot he reduced by Licleria! action. Primary beds which 
have been at work for a ver)* Jong lime ore found to contain a large 
quantity of humus or ash which cannot he further reduced by bacterial 
action ; this Immus is Btiuilar to tlic dcjvosit m septic tanks. 

(7) The retention in the bc<l of mmcMl solids which were origiimlly 
ill Boiution, hut whicli by the oxidising action of the beds liavc hccooic 
converted into solids in sus]>cnsion. 

An examination of these causes of sludging nji in contact beds shows 
that in some instances remedies can be applied; but even wJicnaJJ that is 
possible has been done there will Inevitably be Bonie loss of capacity 
taking place and it becomes neccssaiy nUimntoly to remove tlio solid 
matter. 

At Jlanchcstcr, whore the largest contact bed system in this country 
lias been carried out, it has bccu recognised that after four years' viork 
tlie beds must be cleansed, and that this will be a recurring clinrge, nml 
cflbrts are being made to reduce the cost to n nnniaimn. 

The beds ns originally constructed were made of clinkers which were 
subject to considerable breaking down, with tlie result that cleansing 
was [irobalf/j’ necessary in the Gist iaslanco earher than irouW have 
been the case if the material bad been of a harder character. 

TJic inetliod adopted is to wash the material and replace it, making 
up the deficiency cau«cd by small particles being washed cut witii new 
material of a harder kind. 

The origiu.d co«t of the clinker was 3^. Cd. jicr cubic ^ard in the beds. 
Tlie cost of taking out the material, washing it, jiutting it back in the 
beds, iiud making up the beds is Ij. bd., the proportion cf mided 
material being about 1*5 |)cr cent. 

The following arc the particulars of cost of w nsliing, etc. : — 

d. 

Emptying bed a’i:* p-r cubic jard. 

Pilling '• 

Woiliing '• " 

Ilaiilage, repairs, etc. • -’"b .• »• 



TANK EFfLUtNT 
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Xex Eiaterial 5'7S per ccbic j^ri 

Intertst on capital and admimstratioa l-OO ,, „ 
Dispceal of slany 1’46 „ 

20-00 „ 


Tlie qiiantur of sinrry prodoced is about 0^2 ton per cnbio rani of 
material washed. 



Flo. 4ro.— PfctioD of DiliJin Filufi 


Taking thc«c figures and assuming a holding capacity of n.T i^r cent., 
and three fillings jwr day for four years, each cubic yard of material 
would liaTc treated about one quarter of a million gallon*, so that the 
cost of remoTlng solids in this manocr would work out at Gj. W. jvr 
million gallons. 

Asjhowercr, the capacity of the beds is a gradually reducing qtiantityi 
and the number of beds required to deal «ith three tunes the dry 



]')»■ 471 iiitrr 


Wiatlior flow makes it nnjKis«-iblc in U(ih«»' all ti> ihnr iiiaviiiiiitn 
capicUv, tlic co»l jif cleaning rab'tilate'l at J>ir niilUivii gallfiu <1 drt 
weather flow wmild be not !(••■* than ittiiv the nl»'U' figure 
The u-c of ^lat^8 tlic mattrid for c<»iits»ct bs' l■"'l fo'* -n 
niemUJ by Mr, W. .1, I)ilKlni, wlm has ibc i ba. 'Mii* 

has Ikh'h tried nl DeiiiiN Trowbrnlgr, Ihgli AVv'- Malbri, I*-**’. 
iVrthain and «'tht r plaf-*-* with srrr »aii*fa< tory rt'-ali*. 1 1 - trri',f- 
maii Ilf the maun.il in lie i» rhown iti Fi,-* Kn, i;j. 1 1 - 

T T r 
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are separated by means of distance pieces, and the experimental tests 
indicated that the best results were obtained when the distance 
between the slabs was 4 inches. One great advantage of this system of 
filling contact beds is the lai^ increase of holding capticity of the beds 
over any of the media liitherlo used, A new bed has a capacity of 
85 per cent., instead of the J’.S per cent, usually adopted for other 
materials, that being the figure on which the Local Govcrnincnt Board 
calculates the sizes of beds. 

The Devizes beds, after working for fourteen months w ilh an average 
of two fillings per day, were found to have a capacity of 5U per cent, of 
the gross cubic capacitj*, and by fliishiog, this figure was increa.'scd to 
C4 per cent. Some of the slates were then removed, and by further 
flushing the capacity nas restored to 8i per cent, of the total cubic 
capacity. 

On referring to Tig. 170, p. 0 1^, it will Ik* seen that tlie top layer of 
slates is laid ovcrlappiug in such a manner that it forms an automatic 
screen by the junction of the edges which will be sutlicicntly separated 
to allow tlic finer divided mailers lo pass between them and the 
underlying layers, the fibrous and coarnjr matters being retained on 
the surface of the slates from which they may he removed from lime 
to time. This enables the particles to thoroughly dialn before their 
removal. 

The wide channel receiving the fcnagc will act as a grit chamber. 
The scivnge will flow over the weir-lip of this channel on to the slates 
and thea-by become aerated. Another j>oint is that as the sewngc 
gradually fills the bed, films of air will be retained on the under surface 
of the plates. If this layer is only one-fiftieth of an inch deep, ami the 
intervals between the plates J inch, the (juantity of oxygen so retained 
u ill be Bunicient lo thoroughly aerate the sewage. Tor mst.mcc ; J^jcli 
gallon of water will dis-olvc about 2 cubic inches of oxygen, which 
xviH be contained in 10 cubic inches of m'r. Two cubic Axt of kd- 
c.sj)acity of 50 per cent, will contain OJ- gallons, which will accordingly 
have to l»c supplied with CiJ cubic inches of air. 

The jilatcs in - cubic feet of such a lied will present a total umlor- 
ntalharcaof 1 1 1 x = j; 1.56 inches sa|>cr. If the film of mr ruttiimsl 
under this surfucc be of an axcrage dejitli of Due-fiftieth of an ineli, the 
total volume of air so relaincil w >11 Im: equal to C'.t cubic mcla «. 

A i-ewugc conlaining an average of 40 gniins of dried biisjK'ndcd 
matter jK-r gallon will contain O'JI grain jicr cubic incli. Jf tlu- slate 
layers are g luclies apart tins tqiwls 0*«8 grain |K.*r square meh of 
sorfttce, willioiit allowing anything for the matters which may adhere 
to the under surface of ilic slates, or sides of the blocks. If thisi|tianti(y 
lamlaiin yo i*trccnl. of water, tbe u-.ua! ninoimt in bettlal sludge, llie 
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weight will be 2'8 grains of wet deposit, the relative volume being, on 
the basis of 1 cubic yard to 5 of a ton ( = 252 grains of wet mud per 
cubic inch), 0*011 cubic inch. Tims the average depth of the wet mud 
on each slate layer will bo only about one-hnndredth of an inch at each 
filling. Supposing, for the sake of illnstration, that no diminution of 
this deposit took place cither by biological action, oxidation, draining, 
etc., it is evident that it would rcqnire one hundred fillings to obtain a 
deposit equal to 1 inch per slate surface. At one filling daily this 
would happen in, roughly, three months, so that in a little over six 
months under such a supposition the whole of the beds would be full, 
and unable to take any further quantity of sewage. 

That such is not the case is evident from the results obtained at the 
several installations mentioned. 

The daily increment forms but a steady fixed supply, which on 
digestion leaves a residue from which the major portion of the original 
albuminous and similar matters have been removed, whilst the original 
00 per cent, of water is also largely reduced, and thus the bulk of the 
remainder is but a fragmental quantity of the original senes of wet 
deposits. 

The advantages claimed for slate filling arc ; — 

(1) That the material docs not settle together. 

(2) The growth of organisms will take place on both surfaces of the 
slates and will not choke up the water spacw. 

(3) The drainage cannot be impaired. 

(4) The co.arser fibrous material can be kept ont of the bed. 

(5) Tbc material will not break down. 

(G) The solid matter deiwsitcd in tbc bed can be easily removed by 
flushing. 

(7) The working capacity per cubic yard of filter is in excels of 
any otlicr medium. 

The cost of this cla«s of filling depends upon the distance of the 
works from a suitable shite quarry. An average figure for lat^c 
quantities of slates in the Midland Counties would be about 25«. per 
ton, to which must be added cost of cartage from station to beds, 
say 2s., and of laying Cs. jier ton, making a total cost of 33s. per ton. 
As a ton of slates will fill 3 cubic yards of beds, tlie co«t of tiic filling 
would work out at 11s. per cubic yard. Siocc the holding capacity of 
a bed so filled is double that of a bed filled with coke or clinker, the 
price compares with the latter materials at js. Crf. per cubic yard, but 
there would be a large saving m tbc cost of the empty beds. 


llelativo Merits of Preliminary Processes. — •\8 to the relative merits 
of chemically treated, settled or septic lank sewage for further treatment 
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are separated b)* means of distance pieces, and the experiracntnl tests 
indicated that the best resuUs wore obtained when the distance 
between the slabs was 4 inches. One great advantage of this system of 
filling contact beds is the large increase of holding cajKicity of the beds 
over any of the media hitherto used. A new bed has a capacity of 
85 per cent., instead of the S3 per cent usually adopted for other 
materials, that being the figure on which the Local Government Board 
calculates the sizes of beds. 

The Devizes beds, after working for fourteen months n ith an average 
of two fillings per day, were found to have a capacity of 5i) per cent, of 
the gross cubic capacity, and by flushing, this figure was increased to 
C4 per cent. Some of the slates acre then removed, and by further 
flushing the capacity n as restored to 82 jicr cent, of tiic total cubic 
capacity. 

On referring to Fjg. 170, p. Gl3, it will be seen that tlic top layer of 
slates is laid overlapping in such a inanner that it forms an aiitomatie 
screen by the junction of the edges whicli will be snllicieiitly separated 
to allow the finer divided matters to pass between them and tlic 
underlying layers, the fibrous and coarser matters being retained on 
the surface of tlic slates from which they may be removed from time 
to time. This enables tlic particles to thorooghly dram before their 
removal. 

The wide channel receiving the sewage will net as a grit chamber. 
The sewage uill (iow over the wcirdlp of this channel on to the slates 
and thereby become aerated. Aiiolhcr jKiint is that ns the sewage 
gradually fills the bed, films of air will be retained on the under surface 
of the jilates. If this layer is only onc-fifticth of an inch deep, and the 
intervals between the plates I inch, the quantity of oxygen so retained 
will be Bulficieut to IhorougJily nenate the sewage. Tor instance : Bach 
gallon of water will dissolve about i cubic inches of oxygen, nhicli 
will l)C contained in U* cubic inches of nir. Two cubic feet of bed- 
c.apacily of 50 jicr cent, will contain C}- gallons, which will accordingly 
have to lie sujijdicd uith C 25 cubic indies of nir. 

The plates in 2 cubic feet of such a bed will present a total under* 
math urea of 111 x 21 = 3 1 50 inches BU|>er. If the film of nir retained 
under this Furfuee he of an nierage depth of onc-fiftietli of an inch, the 
total \ ohmic of air fo retained will be equal l<> Ol* cubic indus. 

A sewage conlaining an nvcmgc of 40 grains of dritd Bu«i>cnded 
mutter jicr gallon Will coolam 0*1 1 grain per cubic inch. If the Blatc 
lajcrs arc 2 inches apart this cipials 0*28 grain l>cr square indi of 
FUrfucc, williont allowing anjtliiiig for the iimttcrs which may adhere 
to the under Ftirfaccof the slates, «r sides of the b!<’>cks. If thisipiantity 
coutuins 2U iK.r cent, of water, the wsunl amount in Fctllol sltidgo, the 
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weight ^ ill bo 2'8 grains of wet deposit, the relative volume being, on 
the basis of 1 cubic yard to J of a ton ( = 252 grains of wet mud per 
cubic inch), O’Oll cubic inch. Thnsthc average depth of the wet mud 
on each slate layer wilt bo only about one-hiindredtli of an inch at each 
filling. Supposing, for the sake of illnstration, that no diminution of 
this deposit took place either by biological action, oxidation, draining, 
etc., it is evident that it would require one hundred fillings to obtain a 
deposit equal to 1 inch per slate surface. At one filling daily this 
Would happen in, roughly, three months, so that in a little over six 
months under such a supposition the whole of the beds would bo full, 
and unable to take any further quantity of sewage. 

That such is not the ease is evidont from the results obtained at the 
several installations mentioned. 

The daily increment forms bnt a steady fixed supply, which on 
digestion leaves a residue from winch the major portion of the original 
albuminous and similar matters have been removed, whilst the original 
00 per cent, of water is also largely reduced, and thus the bulk of the 
remainder is but a fragmental quantity of the original senes of wet 
deposits. 

The advantages claimed for slate filling arc : — 

(1) That the material docs not settle together. 

(2) TIic growth of organisms will take place on both surfaces of the 
slates and will not choke up the water spaces. 

(3) The drainage cannot be impaired. 

(4) The coarser fibrous material can be kept out of the bed. 

(5) The material will not break down. 

(G) The solid matter deposited in the bed can be easily removed by 
fiusliing. 

(7) The working capacity per cubic yard of filter is in excess of 
any other medium. 

The cost of this cla«s of filling depends upon the distance of the 
works from a suitable slate qn.itTy. An average figuic for large 
quantities of slates in the Midland Counties would bo about per 
ton, to which must be added cost of cartage from smtion to beds, 
say 2s., and of laying Cs. per ton, making a total cost of 33s. per ton. 
As a ton of slates will fill 3 cubic yards of beds, the co't of the filling 
would work out at 11s. per cubic yard. Since the bolding capacity of 
a boil so filled is double that of a bed filled with coke or clinker, the 
price compares with the latter materials at 5s. Crf. per cubic yard, but 
there would be a large saving in the cost of the empty bed«. 

Ilclativo Merits of Preliminary Proecasea, — As to tlio relative merits 
of chemically treated, settled or septic lank sewage for further treatment 
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on percolation or contact beds, there appears to be no material difference 
so far as the final result is concerned, provided the aerating beds are 
sufficient in size and properij designed. 

Apparently all three forms of effinent are ca'iily oxidised by passing 
them through percolating filtcars, and an eqnal area of sneb beds is 
required in each case, but the variation in the quantity of suspended 
solids mnst be provided for by arranging the size of medinm in the 
filter, its depth, and the abstraction of solids after filtration to snifc the 
quality of tank effluent. 

In round figures it may be said that by chemical precipitation the 
suspended solids can be reduced to 1 or 2 grains per gallon, and 
shonld never exceed 5 grams per gallon. With sewage subjected to 
natural settlement the solids may vary from 5 to 10 grains per 
gallon, and on the other hand a septic tank efilnent may contain as much 
as 20 grains per gallon. If the percolating filter medium is of fine 
grade, slndging up is certain to take place with an cfflaent containing 
as mnch as 20 grains of suspended sohds per gallon, and if the medium 
is coarse enough to allow the solids to pass through they must be 
separated by a subsequent process before discharging into n stream. 

On the other hand, wlicn consideriog the subsequent treatment of 
these three classes of effluent on contact beds, the quantity of solids m 
suspension is a most important factor, as c-xpcricnco shows that a largo 
proportion of the suspended solids is rclaijicd in contact beds, and 
gradual sludging np of this class of beds is tlie universal expericnco ; it 
is only a question of time how soon the beds roust be washed out, and 
therefore it h obvious that other things being equal it is better to use 
the lank effluent conhiining the least sosj>cnded solids. 

As a set-off against this advantage the cost of clicmicals must bo 
considered and the increased bulk of sludge to J>o dealt with, the 
difTercncc in cost of disposal, the difference in cost of tankage and 
capital cost generally. If the life of a contact bed bo taken as throe to 
five years, and the cost of washing and replacing the materia! be taken 
at from Is. Cd. to 2«. per cubic yard, a comparison of the total annual 
cost can be made. 

Tlie features of the three methods of preliminary treatment are 
briefly snram.ari.sed in Table 110 on p. 647. 

Although there has been o general tendency since the introduction of 
bacterial processes to discard and discredit nil chemical proccs'-cs, it is 
certainly not clear that under certain conditions and particularly when 
dcalio’’ with sewage containing mamifnctiircrs' refuse, it is not both 
more efficient and more economical to u«c chemical precipitation in the 
preliininarv process, even if the tank effluent is to bo subsequently 
treated on percolating filters. 
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O.ximsEfo Bkd*?. 

Oxidi«jng bacteria I)C(1<’, or beds in which the aerobic oi^nbins arc 
capable of working are divided into two cla««cs — viz. : Contact Beds and 
Continuous or Streaming Filters. 

Contact Beds. — The contact bed was first used in conjunction with 
the peptic tank at Kxeter and for cmdc sewage at Sutton, and has 
since been largclj adopted, notably at Jlanchcstcr and Shcfiicld. The 
C8«cntial feature of this class of bed is that the tank or bed shall be 


TABLE no— COMPARATIVE ADVANTAGE OP DIPFERENT METHODS 
OP PRELIMINARY TREATJIENT 


Ch'mlfil rreelfilUUon. 

Kitanl tvttl-*ni«it. 

(Vjti»P.-tt!»m»nt. 

Pmall tint nrcsi. 

Fmall tank area. 

Rirpe tank area. 

Mailmuin s' 


Miniroom aloil?^ 

t^ludco ca*j • " 

ami nec<l 


Sludge Tfr71l1n.Mll to rre*«. 
ncrc««ifntin;tliea<l litfen 


it any, 

)tmc, 

Little tlmscr of nnis. 

Little dinccr of nnkince. 

of l3r;j" qomtilifi of 
lime. 

Grate ihtirfr of noi«aiee. 
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There is no patent coVering this method ol workinj, hut Juaiip 
patents have been obtained for nntomatio valve gears to regulate the 
cycle of operations. 

The tank forming tkc sliell of the contact bed may be of veiy simple 
conscraefcion but most be ir.atertigbt ; it consists of a floqr and rralls 
slightly higher than the filtering material which varies in depth from 2 feet 
to 5 feet. The floor of the bed should hare a eligUt fall for drainage and 
on it Bhould be laid ordinary laud drain tiles at fairly close intcrrals 
and concentrating on the oollet valre. 

In some cases where contact beds have been constructed on clay land 
they have consisted merely of excavations in the clay, and this course is 
advocated by some authorities. It should, however, be pointed out that 
the Local Government Board will not lend money on works of this class, 
and they are not recommended as auitable for municipal works, which 
should be substantial and pcnuancut. 

The materials used for fllJing the beds may consist of coke, coal, 
clinker, ashes, gravel, granite, burnt ballast, slag, broken saggers, broken 
bricks, etc., and more recently the slate Alter flihng introdneed by 
Mr, Bibdin (for particulars of uhleb see page C13). 

It uas at one time thought that the character of the material was 
important and that a porous and rough medium was essential. This 
view has now been considciably modified and it is found that almost 
any substance is suitable from a purification point of view, but 
experience has shown that hardness aud durability are of the greatest 
importance. 

TVlierc double contact is adopted — that is, when there are two sots 
of beds in series and the liquid is passed through both in rotation— the 
size of the material in the first bed is made larger than in the second ; 
usually 2-inch to S-inch gauge for the first contact and H-incii to S-inch 
gauge for the second. In tlie Manchester beds these sizes are ndopted, 
but the coarse bed has a thin covering of very fine m.atciiaj a fen- 
inches thick on the top to retain as much floating matter as jiossiblc. 

It is not necessary to provide a rciy ckiboratc system of distribution 
for the sewage on the snrfacc of the material ; open troughs l.iid 
practically level and so arranged that the liquid will sjull over the 
edges without waslitug away the material arc nil that arc necessary. 

The valves for filling and emptying can he worked by hand jf men 
are constantly in atlend.ince for tlie pnrf«)se, or they may be worked 
automatically by Goats or syphons. 

Gear for filling and discharging contact beds is manufactured in 
several patterns by the Septic Tank Company, Limited, who are Ibc 
owners of tlie controlled patents of the Camci-on apparatus. 

Tlie first application of antoroattc gear to bactcriabcds was made at 
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Exeter, the gear being tliat knjwn tlic swinging bucket type, illus- 
trated in riatc LTI., Fig. I, p. 618, which shows a self-contained form 
of the apparaljjs suitable For any number of filters from two upward*!. 

Another form of appiratiis made by the Septic Tank Company, 
Limited, is shown in Flatc LU., Fig. 3, p. 618, which is a gear givin" 
quick filling, a fixed period of contact and control of number of fillings 
per 24 hours. 

This apparatus is suitable for a series of filters, and is arranged so 
that one or more of the filters can be cut out at will. 

Another alternating gear, known as the Type S, Plate LTI., Pig. 2, 
p. 6i8, gircs the same cycle, and the pennanent installation at Exeter is 
a typical example of this form. 

These gears are manufactured in the following stock sizes : — 

4-inch admission and 3-inch dischaiging valves. 

C » » 4 » 

0 „ „ 6 „ „ 

12 „ „ 8 „ 

16 „ „ 10 „ 

21 „ „ 15 „ 

All sizes up to 9-incU admission valves arc entirely self-contained. 
Above 0 inches the sets pci filler arc built up in two or more portions 
for convenience in liaudling. 

Plate LIII., p. CoO, gives the plan and sections of an installation 
which shows the principle on which Messrs. Adams’ valve gear for 
operating contact beds is woiked 

The filling and emptying is cfTcclcd by means of automatic syphons, 
which by means of suitable .iir pij'C connections can be timed so that 
the proper period of contact is obtained. The automatic syphons .’ire 
so constiucted that when once started in operation they work con- 
tinuously until the refilling of the bed commences, m order that the 
latter may be entirely dr.imcd. 

The sewer A enters a diverting chamber m whicb is tlic storm 
ovciflow B. From the diverting cliamlicr the sew.igo flows to the two 
detritus chambers C, the inlets to winch arc fitted with penstock'!, so 
that either may be closed, and tbns sbiit out of work when desired. 
From the diverting chambers tbc sewage enters the scum t.aiiks I). 
These arc constructed with a fall towards the sludge pit G, and thus 
any deposit can be removed by opening the penstocks shown. The 
detritus chambers C arc cleared in the same way. The sludge is 
removed from the pit G by means of any ordinary sludge pump, fixe<I, 
or rcinovcable. 

The sewage is shown to enter the scum tanks D through trajipeil 
inlets, and leaves it by px«sing under the Adams’ r.itent .'^ctim 
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Plates F, and over ’^reirs into the dosing chamber E. The liquid 
capacity of the dosing chamber B is equal to that of any of the four 
contact beds 1, 2, 3, 4, and ensures their rapid filling, thus allowing 
the greatest length of time for contact^ emptying and aeration. Where, 
however, fall does not allow of the provision of a' dosing chamber E 
(this need only be 6 inches deep), the chamber may bo omitted and 
the supply taken direct from the scum tanks D to the beds by means of 
the feed pipe. The beds are then filled at the rate the sewage comes 
to the works. H shows the intake to the supply pipe to the beds 
(1, 2, 3, 4) in this case laid under their floor. The whole of the 
apparatus is arranged in a small compass in the centre of the beds. 
Every part is accessible and close at hand, whilst where desired the 
M'hole can be readily covered in by a simple corrugated roof or other 
structure. The whole of the necessary operations of filling, holding 
full, emptying, etc., ate obtained in automatic rotation simply by the 
imprisonment and release of air bronght about by the sewage itself. 
Thus there is no wear, with its consequent probability of failure. 

Messrs. Jennings manufactnre for this purpose an apparatus which 
is operated by syphonic action, and is shown in Figs. 472 and 478, 
p. C51. 

This apparatus is for distributing sewage from a dosing tank, or 
tanks, to bacteria beds, so that a snccession of these may be utilised one 
after the other in regular sequence. Deep trap syphons arc used, 
and operated by means of air valves mounted on a frame, ns shown 
(Fig. 472) at 1, 2, 3, connected to the syphons. On the air valve 
lerers a striker is provided, against which the revolving cams 5 
impinge. The cams on the shaft arc caused to rotate by means of the 
rise and full of liquid in the tank. Being positioned one in advance of 
the other, the cams start the syphons one niter the other or in any 
desired order. Thus any number of filters or Bcrrcrs will each receive 
automatically and in turn the entire contents of the tank or tanks. 

The chief difficulty in the case of contact beds is the gradual shulging 
up which takes place, due to the deposit of solid matter in the inter- 
stices of the medium. This has a double effect : first, it reduces the 
water capacity of the bed, and, secondly, by impeding the entrance of 
air interferes with the aeration of the b(^ when resting. Unless, there- 
fore, the bed is filled with some medium, such ns slate, which can be 
washed out, it is essential that the solids in suspension should be reduced 
to the lowest possible limit before the liquid is nlloa'ed to enter the 
contact bed. 

When beds are worked by antomatic gear three fillings per day can 
be obtained, bnt when the valves are regulated by hand two fillings per 
clay is all that can be relied oa. The depth of material should not 
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exceed 4 feet, as with a greater depth thorough aeration becomes 
impeded, the result of which is that the bacteria in the lower part will 
be anaerobic, and the efflnent will not be fnllj oxidised, and may he 
putrefactive. 

^Vhen the beds are used for crude sewage the first contact bed should 
be oalctilated at 25 per cent, only of its gross capacity as water space, 
and the second contact bed at 33 per cent. If the sewage is fiist 
clarified the first contact bed mayr be oilcnlated at 33 per cent. Thus 
with three fillings per day a bed will deal with its gross cubic capacity 
of sewage daily. 

Continuous Filters. — The continuous or trickling filter differs entirely 
from the contact bed in its action in that it is not enclosed in water- 
tight walls and there is no period of SUiog, resting and emptying, bat 
the sewage is applied to it from the top and allowed to trickle through 
it from top to bottom in the presence of air and the organisms on the 
surface of the material forming the bed. 

This form of o.^idising bed is now well known and generally recognised 
as being the host means of effecting the oxidising part of the sewage 
purification process. 

The essential parts of a trickling bed arc a firm and more or less 
imporvious floor arranged with falls to drain to cDlticnt channels j some 
form of perforated false floor to carry the filtering medium ; retaining 
walls, which may or may not be perforated, to retain the filtering 
medium ; an aggi'egation of filtering medium, and finally some device 
for the even distribution of the sewage over tbe material. 

The most usual form of filter is circular on plan, this form being 
adopted because the distribution is roost frequently effected by means 
of revolving sprinklers which cover a circular area. This form of bed 
has the advantage that the rclaining walls may be made lighter in 
construction than similar walls which arc straight on plan. 

The circular form of wall, instead of being purely a retaining wall 
which can only be in a stable condition by the effect of gravity, intro- 
duces the clement of tension longitudinally in the brickwork or concrete 
and this can be augmented by iron circumferential tie bars in the 
body of the wall. 

Floors.— The floor of the bed is usually constructed of concrete, 
and if the foundation bo good need only be of siifiicicnt thickness to 
form an impervious stratum over which the drainings from the bed can 
flow. 

, , _ ..11 

• .■ . •the 

unequal stresses, and if nccessaiy mnst bo rcm/brcca to eriaoio it to 
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distribute tbc weight cf the walls nnd filtering medium without settle- 
ment. 

It is usual, in tlic Ciisc of circular beds to arrange the fall of the floor 
from the centre outwards and construct the efiliient channel outside the 
circular retaining nail. 

This system, honcTcr, is not essential and there arc considerable 
advantages in carrying the channel diagonally across the centre of the 



Kio 474, — " Ames '* Tile. Fic 475 — “ Sl.insfield” Tile 



Fiq. 470 .— “Candy AVIiittaVer’* Floor Tile. 



Fig. 477.--The “ Stiff “ Tile. Fig 478.—“ I'arkes ” Tile. 


lied and mating tlio floor (all from the circuinfeicncc towards tlio 
diagonal cliannol. 

Palse Floota.— The flilse floor is an important part of the bed, 
although there are numerous examples of beds constiucted by merely 
putting the bottom layer of medium of on extra large size with a few 
drain pipes placed at considerable intervals. 

The aeration of the bottom part of the bed and cfTcctive drainage 
are essential if it be desired to bare » fully oxidised effluent and to 
enable the bed to excrete the solid matter which passes into it. 
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Where the bed is of other form than circular oa plan the falls of the 
floor are usually arranged on a ridge and fniron’ system, the foiro^rs 
discharging into chaonela iaid to a main pict*up carrier. 

The earliest form of aerating floor consisted of halfpipes 12 inches 
to 38 inches diameter perforated \rith holes 1 inch diameter. Those 


half-pipes «'ere made of onlinary stone- 
ware or fireclay and glazed Biniilarly lo 
. ordinary drainpipes. It n ns soon found, 

however, that tliia form of false floor 
^ not sufltcieutly strong 

to carry the supermeumhent weight. 
Numerous forms of floor tile have been introduced for tlie purpose of 
overcoming this difTicuUy and the follon ing ore the survival of the fittest. 


Ames Patent Tilca. — This form of tile is sliown in Tig. 474, p. C53. ft 
has a strung upper surface with corrugated edge? and a contml o]»emng' 

allowing for free drain- 



age and ventdation 
wliilst the supports are 
exceptionally strong and 
in an arched form. 

AlaDBQoId's Fatonc 
Stoneware Aeratioff^ 
Tiles (Fig. J75).— This 
form of tile is approxi* 
mateiy like the old form 
of half-pipe but it has 
feet which strengtheu 


Plan. 


the construction and 


prevent the tendency to 
split down the centre. 
It is olao not weakened 
by pcrfomtioiis as the 
i-ic. Comrvtcrusfor D^cp original half.pii>es were. 

The ilralnage aiidvvnti- 

l.ition arc provided by the spaces between the tiles which nre maintaiiifd 
by 0 . neb which i« cast, ou tlie tdes prcveutiiig them from hutting up 
close. The tiles are in short lengths mwl arc tusily laid. 

The price of a floor formed of these tiles is wcejitioDally low, but it 
would not be suitable for a very deep bed. The tik-a are largely used ut 
the ifirmingliam Sowage IVorks, 



The Candy.Wblttakor Floor Tito (Hg. 47C,p, Cl»3),— This coiiaisls 
o! fiat tiles which arc put together by pitching one against another ami 
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engaging an interlocking tongue at the ridge as shown in the illustra- 
tion. The tiles are airaiiged in rows which butt against each other and 
so prevent spreading. They arc tapered so as to leave air and drainage 
spaces between them, and this form of floor is very strong owing to its 
triangular shape and the absence of perforations, which are always a 
source of weakness. The tiles arc made of blue StalTordshire ware and 
are moderate in price. 

The Stiff Tile (Fig. 477, p. C53)is manufactured in blue Staffordshire 
ware and is of excellent make and of very simple form. The upi)er 
surface is flat and perforated with slots, and the supports consist of four 
legs with arched webs between. This forms a very strong floor and is 
moderate in price. 

Parkea’ Patent Tile (Fig. 478, p. C53j is very similar to the last- 
named, and is also made in blue Staffordshire ware. 

Messrs, Naylor Bros., Denby Bale, arc ihc manufacturers of a floor 
tile shown m Fig. 479. This is a strong form of tile, and ns all 
openings are in the base of the tile, the process of filtration is extended 
to the full depth of the filter. The tiles arc easily cleaned, and being 
salt glazed, inotganic and colloidal matter is not likely to collect on 
them. A continuous shovelling track is obtained by the flat top and 
projecting end, and single tiles have withstood without breaking a 
weight of more than 30 cwts., equivalent to over 9 tons to a super-yard. 

Belnforced Concrete Plag.~Thc author designed a concrete flag, 
fortified with cxpaudcd-stecl for this purpose (Fig. 480). This consists 
of flags 8 inches thick, made of concrete w ith diamond shaped perfora- 
tions for drainage and ventilation. The fortification being by means of 
a large mesh expanded-metal, enables the ironwork to be arranged m the 
centre of the iibs between the perforations. The flags are made m 
widths of 2 feet G inches and lengths of 3 feet, and they are laid on 
sleeper walls of brickwork, 4^ inches thick, laid honeycombed, and may 
be two or three courses in height. 

This form of floor is somewhat costly, hut is exceptionally strong and 
durable, and is esi>ecially suited for deep beds w ith heavy medium. 

External Walls. — The external walls are usually constructed with 
honeycombed brickwork to permit of easy ventilation of the sides of 
the beds. 

In the early days of b.'icteria beds the construction often consisted of 
wooden palings tied together with iron bands, and the late Colonel Ducat 
introduced into Ins bed a form of walling consisting of ordinary land 
tiles which were built in between piers of brickwork. 

The honeycombed form of brickwork was the next modification and 
is now usually adopted. 
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Whilst it is most desirable to have as free an aeration of beds of this 
class as possible, it is apparently not essential to Lave open brickwork 
sides, and numerous instances can be found of aeration beds of this kind 
which are siiccessfuliy working with solid walls, and in some cases where 
tlie bed itself is sunk below the level of the ground. 

This form of construction, however, is not recommended, and it is 
distinctly desirable to allow as free a play as possible of air all round 
the bed. 

In some cases no attempt to make reiaming walls has been made, the 
medium being merely tipped and allowed to take its natural angle of 
repose, whilst again in other ca.ses the external walls have been very 
roughly formed by selecting the largest portions of the filtering medium 
and building them into a rough wall with a very considerable slope. 

These methods of construction, however, are not economical, as it trill 
usually bo found on going into details of the cost that if everything be 
taken into consideration, the cost of land, additional floor, additional 
medium and the loss of area of bed usefully employed, etc., would come 
to moie than the cost of the constructiou of a retaining wall of proper 
design. 

On the other baud it is not necessary or desirable to go to too great a 
cost in building retaining walls. If, as has already been said, the walls 
are circular on plan it will be quite safe to build them 0 inches in tliick* 
ness up to a height of 5 feet ; and by introducing circumferential iron 
hands it is quite possib/e to build up (o any reguhed height without 
increasing beyond 9 iucliesin thickness. 

Good sound bricks must be used, especially for the outside course, and 
it is desirable that tho walls should bo carried up some few inclies above 
the level of the filtering raateiial to form a wind screen to the involving 
sprinklers. The coping rany be of brick on edge, terra-cotta or. stone, 
whichever can be most economically obtained in the neighbourhood. 

If on the other hand beds arc not circular on plan, it will be found 
necessary to construct walls of slightly heavier character, and in that 
case the larger the beds the greater the economy in the construction. 

Tiltering aiedium, — ^^Vitb tt^anl to filtering medium, the chief 
desideratum is to obtain a hard material, and for choice jt Bhould bo 
non-porous. TJie materials which have been successfully used bave 
included situilar substances to those already enumerated for contact 
beds 5 ami the same considerations apply largely to tlie choice in this 
ease as in the case of contact beds, except perhaps that angularity of 
form is of more importance than straight cleavage. 

The materials uhich liave been most successful have been broken 
granite, broken saggers, broken bricks, gravel and coal. 
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The pmdinp of llio imlcriM h n |iojiit on wliloh n prcul (lifTcrrncn of 
opinion cxi*li«, nnd it innj Im will Mini them nrc two fopnniln Rciiooh of 
llionplit on tliM fiibjc^J, one iulvoi'ntinp Tory mnnll jiintcrinl find tlio 
oilier xcry Inrpc. 

Tlicre id no <loul)t llmt excellent itmiIU Imvc Ix-en olilnined liy liotli 
melhodd, wliil*l on llie other hand fiiiliiivd linvc hetn recoidcd with 
mntcrial which wnd loo fine hnt in which the condilioni ncced'inry for 
Fiiccc«« were not coinjiHc*! with. 

llroadly rpeakinp, it i«, ns ha* nlready been poiijlid out wlmn denliiip 
with the <]ne‘tion of the etlminntion of the rolid iiiiitterH in Ktl’ijM'nHioii, 
filmosl tntircly fi qnoition of liow f.ir thnt |i.iTt of lli'- jinn’css Is to Im 
rarrieil Irforc npplyinp l!ic cniiicnl to llie lK-d« which repiiIntcK the nix*) 
of the tmterinl f*ir tin* filler. 

If pmctienlly llic whole of the fm*|M'iid(-d tiiniter Ix) Inlvi'ii out heforo 
filtmtirin then (he inntcnnl of tho lH>d tony with adwinliipi; lx* kiiuiII, 
whereas if it U* dc'ind to K-ss cfletHinlly n*in*»io tin* HiwjH'jidctl Kfjids 
then the dire of the innt*Tinl inn«t Iw pnnled f« limt tlio d*ilid iiintter 
can freely pa«s thronph the bed nnd he cxrrclcd with the cniiient, 

The nction of the tnckhnp filler is dn** to tin* presence of organisms 
on the Rurfnee of the indiiidtinl pieccit of inedinm. and th<> preater the 
mirfocc over winch the hqnid has to fl‘nv thepreat*Tarr theop|)ortimitlcs 
for the hactcria to carry on tlicir fimctiotiH. An Kiiiall niediiiiii cxpo^eK n 
preater surface than larpe, {x.t unit of depth, it folIowH that it will efl'cct 
prc.itcr purirication unit of <h'pth. 7’hi« principl*', I/oivc'Vct, uiiUit 
be limited hy the necessity of tlioroiiph m-mtion and oljvioiiNly if the 
material be reduced to sucli a sm-all prudo that th** interNticeH do not 
permit of a free circulation of air, nna':rohic coriditiotm will he tv t up nnd 
the bed will no lonpcr he on oeidwiiip one*. 

In practice, therefore, the tnrerior limit of the nizit of the material has 
been worked out to aliout ^ inch, and n mnt<‘rial of tins hixo Iihh hcen 
6ucce«<>fnlly tried in many caucii, notably at Iliuiley, illustrations of 
which works are pircn at p. 721. Tins fomi of bed, however, must 
l»e worked with liquid fiee from suspendctl wilds. 

At the opposite end of the comparison ivc get what is known as tlie 
“ l/jcds bed” as exemplified by the dcseriplion on p. 72!), m wlii»-h no 
attempt at all is made to remove the suspended solids, wliieb arc aIls*’Rt 
on to the beds and in this rase the material is cxlremely coars**, ranging 
from 3 inchf-s to 5 inches In dfatmb'r. 

Tills is an exceptional ca*e, and the material would Is* iiiiiKo^-ssarily 
large in cases where the susjiended matter has Ixi^ii reduced toanwIeraUj 
degree. The usual size is inch to 2 inches in diameter, and it will 
. prohahly Ise found that the best results will I« obtained by using maU-rial 
eitlier of the scry fine grade or not less than ineh to 2 inchc'*. 
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As the purification depends upon the area of the surface exposed, it 
would appear that the depth of bed must be regulated to compensate 
for the variation in size of material. 

According to Dr. Reid’s experiments, the main part of tiie purification 
at the Uanlcj ‘Works takes place in the top foot of tlio depth of the bed, 
and lie draws the conclusion that with fine grade material the essential 
part of the work can be effected in 1 foot of depth. 

It is obvious that with material of from 3 inches to 5 inches in 
diameter, a bed 1 foot in thickness would present such a small surface 
for the sewage to trickle over that some of it might even find its way 
through the bed witliout even touching a particle at all. Hence, with 
such a large grade material beds may have to be 10 feet to 12 feet 
iu depth in order to provide siifiicicDt surface to sceme a proper dogrcc 
of purification. 

This is a most important point when dealing with cases in which the 
available fall is restricted, as it freqncntly happens that the addition of 
a foot or two to the depth of fiUcring material will make the difference 
between pumping and non-pumping. 

In Bucli a case it would clearly be best to remove ns much suspcmlcd 
matter ns possible and reduce the depth of the bed. 

On the other hand, if pumping be necessary in any ca«o, it may be 
immaterial whether the lift is a few feet more or less, and in sneli n case 
it may be desirable to increase the depth of the bed and take lc«s trouble 
about the elimination of tlic solids in suspension. 

"IVitli material of the grade of H incli to 2 inches, treating onlinnry 
Mwago, the depth of bod necessary may bo expected to be of from •! 
to C feet, the solids in suspension having been reduced to fiom 8 to 15 
grains per gallon by one of the means already doscrllicd. 

Hr. George Reid has made out a very strong cace in favour of sinall 
material, his experience showing that the best results acre obtained 
from fine grade beds composed of broken saggers of i inch gauge. 

Table 111 gives Ibc main figures of tlic analyses, extending from 
July to December, 190.', of the Ilaiiley Filter, wbich at the end of that 
time had liccu in continuous use for a period of three years, dealing 
with septic cfllucnt at the rate of 200 gallons per super yard |ier day, 
and (lingrnm No. -181 represents graphically the fignri"i included in 
the table. 

It should be noted, however. Hint the Hanley Fcwng(>, where tlici-c 
experiments were carried out, is n tTe.ik sewaire, and that the solids in 
Fii‘«j)cnsion were rtiluctNl by ihlrittis nnd sej'tic tanks from parts 
j»T 100,0(10 to 7’0, of which half was <irg.aiHV nnd half was ininira!. 
'flic sneiH'iidod matter pa««ing on to the fiUcn was all retained in the top 
haver of the filler, nnd it was found Ihnt oficr three years’ working tlio 
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suspended matter had penetrated to a depth of a fen- inches only into 
tlie bed. 

Dr. Reid states that in his experience clogging of filters from suspended 
matters is more Hkely to occur with laig;e than with fine grade medium, 
owing to the fact that the snspended solids in the former case are not 
retained in the surface layers where it would seem the active aerobic 
liquefying changes are cfibcted, but are washed into the deep layers, 
whore in place of being liquefied they accumulate and ultimately fill 
up the interstices. lie agrees with the view expressed above that if 
large medium is to be used it should be of such a size as will allow the 
snspended solids being washed through. In other words, if clogging is 



Fig. tSl. — Graplijc Diagram showing Analyse? of Hanley Sewage. 

to be avoided the filtering medinm must bo cither very fine or very 
coarse. The solids must be either retained and liquefied on the surface 
or washed through and mechanically removed nflcrwai-ds. 

With regard to the degree of aeration found in n fine grade bed, 
Dr. Reid points to the high nitrification attained by means of fine 
medium filters, and he is of opinion that if it were desirable to use finer 
material th.nn I inch in diameter, there is no reason from an aeration 
pt)int of view why it should not be done, lie considers that the only 
argument which weighs against the cllicicncy ofa siii.aller gr.ule medium 
tliaii i inch i'- that with vciy fine iiiatcrinl the sii'pemled solids are nj)t 
to be retained on the actual surfaccnhcrc i-ajiid liquefaction cannot lake 
place nnlc.«s frequent rakings nml forkings nre resorted to. 

On the other hand, the suspendid sobds arc in a sufllcicutly fine state 
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«if ili\ Mon to permit of ]>^nclrnfion ’ incli nictlinin, nnd I)cin" tints 
liroiiirlit into intininto rniilact with the Iii;jhtrncti\c n'Tohic orgaiii'^m", 
resolution i« rajiiillr cfTirlod. 

Iti Dr. Ikcid’s Mc'v the lhr«'c factor* in the final Pta^cs nro 

time, nir, nml orpmisim', nml pivcti n “nllicicncy of air the greater the 
ntiml>cr of orgatii*ms prc<cnt (he farper the amount of work done ; 
provided the organic matter, l»olh in Folnlion and suspension, is brought 
into intimate contact with the organiMiii, The factor wliich governs 
the bacterial jv>pnlation is the are.a avatlable for growth, and this may 
be increased by two mclho<ls ; either by entailing the cubic capacity of 
the filter or by fiib-dividing the filtering me<lium. The snb-division 
may Iks carno<l as far as is |»os<iblc witlionl preventing the superficial 
penetration of the su«ixMidcil pohds into the body of the filter, nnd he 
points to the llnnloy results as nii indication that at nil events witli 
Jdneh material there is an adcqnalc air Fp.aco. 

Whibt not going the length of suggesting that all fine grade filters 
could be mluced to a depth of I foot because of the allow nocc for 
clllucnt drams uiul the large material which imi«t inciiUibly coicr them, 
he docs suggest tlic practicability of reducing tlic total depth to, say, 2 feet 
C inches. 

It will be seen that the views here cvprc«5cd are quite reconcilable 
with those put forward h) the advocates of large material, and it is 
quite possible that iiUiuiatvIy the best nirangcinciit will be found to 
combine the two views, ami that the material forming the body of the 
bod might be of largo grade, but that the siirf.ice lajer of, say, 1 foot in 
thickiitss, wlicre it could easily be got at to be forked oi raked over, 
iiiighl be of a smaller grade down to J inch. 

Distribution. — Turning now to the «|iicstion of distiibution of tiie 
liquid over the surface of the bc<l, the fiist nnd most iinpoitant point 
to he considered is the evenness of distribution, and it may at once be 
said tliat many of the devices used for this purpose do not by any means 
give even an approximately equal rate of distribution all over the area. 
Engineers would do well to make a very stimgent requirement in their 
specifications on this point, and to carry out tests after the installation 
is at work to ascertain whether their stipulations have been earned out. 

The next point for consideration is the capacity of the apparatus to vary 
the rate of flow from time to time in order to provide for the fluctua- 
tions in the delivery of sewage at differetit hours of the day and those 
due to the presence of rainwater, which increases the bulk of liquid to 
be distributed up to two or three times the average. 

The third point is the capability of being adapted to intermittent 
working, as many authorities hold the view that intermittent working 
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is cssciili.il lo siiccessful results. This coiisitleration may not neigh so 
heavily witli others nlio think tlmt iutcrniittcnt n’orking need not be bo 
ligidly enfoiccd nnd ^vl^o aic coutent to rest their beds by sub-dividing 
the units, SI) that the beds can be put out of action in rotation during 
the Iioiirs of small flow. 

A fvu'tUer point of importance is the amount of fall required for 
cllicient distribution, and this varies from 1 foot to G feet in dllTerent 
types. Cases often arise where distributoi-s requiiing the larger figure 
mentioned would bo inapplicable on account of the small fall available. 

Kcliability of working, absence of choking, case of adjustment, nnd 
economy of first cost and maintenance, arc obvious requirements and 
therefore need no comment. 

Distiibutors may be divided into classes as follows : — 

(1) Fixed distribution with channels. 

(2) Pipe distribution with jets. 

(d) Automatic tipping arrangements. 

(4) Automatic revolving distributors. 

(5) Power-driven rc\olving distributors. 

(G) Automatic travelling distributors for rccl.'ingular beds. 

(7) Power-driven ditto ditto. 

ri.vno Cii.\XN*i:i.s. 

In the finst class may be placed, for small beds, ordinary wooden troughs 
with pciforations in sides and bottom or notclies cut in the edges over 
wbicli the sewage can flow. This inclhotl gives only very approximate 
evenness of disliibutlou and is only applicable on a smnll scale. 

Iron Ironglis can bo uscti instead of wood m the same way, and a 
filonewaic distributor lias been brought out by ^fes'^rs. Wrugge, of 
Swadlincote, wbicii is less c.xpcnsivc than iron. 

One of the chief diflicwUics vxiUi these distriliutora is to keep tlio 
pcrfonitions free ns they liecomc blockcil by the fio.Uiiig matter in the 
sewage. 

Septic Tank Co.’s Diatributor.— To avoid this clogging of tho trough 
I>crfonitions the distributor illuslialed in Fig. 482 lias been introduced 
by the Septic Tank Co., Ltd. lu this ease the liquid is syphoned out 
of the trough by capillary action with wire syphons. Distribution by 
this means gives even deliver)' with varying rates of flow, nnd there 
are no oriliccs to choke. 

The main feature of tin's distributor consists of an orilin.sry trough, 
either of cast iron or artificial stone, the edges of wliicli are lined up, 
fixed level nnd filtetl every three or four inclus of its lenglb with win-s 
passing over the edge of the trough nnd chwoly attached thereto. 
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U'lir.'t I* .-n r <)! <n«; — 

l*in» ih ill'' ifii i"li i» fill.l1 milt tHIii'iil (in«! cmnnuncc^ io overflow, 
til'* tnniti f f •li'flnrc*’ i« nilract'"''! Io nntl camril down the wires 

fvrnh 111*' rfilucnt ns Io Ihc lcn;:lli of llic troiij.’li. 

Tl)'' Iroofli* Jin’ ph''''! ftiirlp n^ir ca^h oilier, and nrc flticd with n 
rprulatin;: d<r|rc ndjii'lnh!*' in the fir»l id-wv*, nnd wlien ndjii'tcd, fired 
fo Ill'll rirh irnticli c<'l< nn equal >lian* of the (filnent. 

Tie flow which nn nphnarr mniinnons filler will dc.it with m not 
»nfhrifnt to n conlinno;:« urt-im ninninj: fmm each wire, Ihcro 
Uinj alinnl tipht wir^* in exerr rtifrf'rfici.al foot, con»e‘qticntly the 
d'hxcTT on th" »:irface of th'* filler js drop h^ drop from c.icli wire. 
^^h(n the ftipplr to the channrls falls l>ch»w the qnnnlity which the 
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wins are thus delucnii';, the drop by drop continues imlil the contents 
of the channels are pulled down to within a short distance of the end of 
the wires inside llicin ; the action bcni}; both caiiilKiry and syphonic. 
Jn most ca«cs the deliiery does not cease throughout tlie day, jn spite 
of the fluctuations of the flow. Should the drop by drop cease it will 
recommence again directly the troughs arc again filled. 

Tho “fitoddart" Distributor. — The most advflnccil distributor in 
tills class is the ” Stoddart ” distributor in which tho sewage is con- 
nected by means of cast iron channels to eheels of galvanized corrugated 
iron across the ridges of which “V” shaped openings are cut. Tlic 
liquid escapes through these openings or xvciis to the underside of the 
iron sheet, from which it drips from studs placed at intervals along the 
valleys of the corrugations, as shown in Fig. 4811, p. CCl. 

In the Fig, A is the corrugated iron sheet distributor with.notches in 
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ridges and studs in underside of valleys ; 11, supply ebanneh of cast 
iron. The altacliiucnt of dislrilmtor tocliaiinel is shown at C ; F, chair 
(witli set scroll) iihicli is iiswl as a saddle on iron T bars carrying the 
channels 11. The T bars arc carried on jners or walla, and the levels of 
the sheets A can be adjusted by the set screws in the chair F. 

This form of distributor 1ms no moring parts end requires very little 
fall. It is essential to good working lliat tlic corrugated plates are kept 
perfectly level and clean, othcrnisc the notches do not all dischaige 
equally and the cvennesa of distribution is destroyed. 

The distributor as usually arranged does not cover the whole area of 
the filter, gangways being left between the corrugated sheets ; thus the 
whole area of the filter is not sprinkled, and tins is an objection. 

In practice there is a tendency for the corrugated slieets to sag in the 
middle owing to rough usage when cleansing, and the continuous drip 
in fixed spots tends to cause a mucus to develop which blankets the 
top of the bod and requites constant attention by forking and raking 
over. The cost of the system is rather high and i? piobably piohibitivc 
for large areas, but on the other hand this distributor automatically 
adjusts itself toany vuiiationa in flow, and if desired can be preceded by 
an intermitting valve which will give intermittent action. 

Pii’K Distribution with Jets. 

Tlie class of pipe distributors with fixctl jets is one which is m favour 
Mhcre large areas of beds have to be used. Foi instance, at the 
Uirmingham works many acres of beds arc working with this type of 
distributor and the cost is much less than any other method, working 
out at about £260 per acre for distribution pipes and jets. The objec- 
tions to the system are want of evenness of distribution and the large 
head required. At Birmingham the jets arc fixed 12 feet apart and are 
worked with a C-foot head and it is found that the jets can be fixed at 
distances apart equal to double the available head. 

The ordinary head for woiking fixed jets vaiies from 7 feet to 3 feet ; 
approximately the distribution will extend to a radius equal to the head 
adopted. The most efrcctu.al head for most fixed jots is 5 to C feet, and 
when working with low heads the results, cxcejit m the case of tlie 
Jlorley Turbine Jet, are poor. 

With most of the jets at present on the market considerable variations 
will be found in the rate of distribution at different parts of tlie area 
sprinkled. 

The “fialford” Jet. — In the “Salford” Jet (PJate LIV., Fig. 1, 
p. CG8), the sewage is’ admitted through six holes, 0*23 inches in 
diameter, with a slightly spiral direction. The streams issuing from 
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these orifices unite in a centre cone with a single orifice at tiie top, out 
of which the liquid is projected with a rerolving motion'which breaks 
up the liquid into a spray. 

There is no patent now covering this form of jet. 

HarriBon andGjera Patent Jet. — ^This jet (Plate LIV., Fig. 2,p. GC8), 
which has also been used at Salford, has two holes, each with a diameter 
of 0'27 inches discharging tlirongh an opening into a dished top, and 
this form of jet covers an oval area. 

The Ames Crosta Jet. — This jet (Plate LIV., Fig. 3, p. 6G8) con- 
sists of a cylindrical chamber with a conical top, with an opening ^Vths 
of an inch in diameter. The cylindrical chamber contains a loose spiral 
with four threads, and the liquid passing up through the spiral gives 
the water as it issues from the opening at the top a spiral motion which 
breaks up the jet into a fine spray. 

The Adame Jet. — This jet (Plate LIV., Fig. 4, p. CG8) is intended to 
cover a squaie area and consists of a conical trunk with an opening at 
the top I inch in diameter through which passes a stem ^ inch in 
diameter, carrying a equate baffle plate with sides 3iV inches in length. 
The underside of this square is curved towards diagonal channels, and 
by this formation tlic water issuing from the centio orifice is broken 
up and spread over an approximately square area. 

The 110x167 Turbine Jet (Plate LIV., Fig. G, p. CCS) combines the 
principle of a fixed jet with a moving fan witii blades on it, winch assist 
in tlic breaking up of the spray. 

From the illustration it will be seen that the water issues through a 
contiacted orifice and impinges upon a curved boss which carrie.s the 
blades. Tlie action of water upon the latter causes them to revolve, and 
they in turn bieak up the water into a very fine spray. 

This form of jet is best worked with a head of 4 feet, and with tin's 
head ivill give a practically even distribution up to a radius of 4 feet 
C inches. 

The jet is designed to pass 300 gallons per square yard per 24 hours 
with a head of 4 feet. 

Practically no wear takes place upon the moving parts, ns the sewage 
impinging on the underside of the blades carries the weight of the disc, 
and the only wear is upon the top of the spindle, which can easily 
be corrected by means of n washer. 

The Bryan Jones Sprinkler Jot in use at Pirininghani is ffliistratcd 
in Plate LIV., Fig. C, p. CCS. 

The circular orifice A is formed with a conical stem which deflects 
the upward stream of water. Bypressing down the scat B and giving it 
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(urn llic jet enn Ikj ofT, ancl l.y {lii« mr.-n* I'lO nt:r,’-^r 
fif jets in ivork can l>e vanof] at dilTcrcnt lionrs r.f the <hr an \ pirt« c f 
the jitriodicallj rc'tcl. Ilj pivin:: tli'* f|'in‘ll<' C’ a qnirtrr trm a 
hajonct joint is rclea'cd and Ihc spindle can !■" i^ithdrawn 
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below. Tins form of distributor gives fairly good results for small beds, 
but would not be suitable for lai^ areas on account of cost, difficulty 
of adjustment and trouble from wind. 

A tipping arrangement on this principle combined with trough 
distribution is made by 17. E. Fairer, JJirmingham, and is illustrated, 
Fig. 485, p. GG7. 

The tipping troughs A A discharge alternately into the distribution 
channels fJ B in each side of them, and the liquid is distributed through 
J-inch perforations spaced 3 inches apart, the channels being fixed 
12 inches centre to centre. The tippers are made of galvanized wrought 
iron and the trunnions .are gunmetal bushed ; buffers are provided to 
take up the momentum of the tippers and prevent them from rebounding 
into the same position. The channels are cast iron and arc laid 
level. Tliej are open at the top, which enables them to be easily 
cleaned. They are tapered in section and convex at the bottom, and 
arc fitted with inclined planes at the outer extremity to prevent the 
liquid washing over the ends; the wash of tlie liquid over the perfora- 
tions prevents them from clogging. These distributors can be worked 
with 15 inches of head. 

Autoitatic Bevolviko Disthibutors. 

The class of automatic revolving distributors is that most usually 
adopted for streaming filters of moderate size, and a large number of 
distributors have been made upon this principle, the motiie pouer 
being derived from the friction between jets of sewage flowing from 
perforations in the distribution arras with the air, thus driving the 
distributor after the fashion of a Barker’s Will. 

Candy-Whlttaker Sprinklers. — ^Tlie Candy-Wliittaker sprinlcler 
(PMte hV., Fig. I, p. 672} is supported and rotates on on upper bearing; 
tlic joint at the bottom of the rotating portion between it and the fixed 
central column is made by means of a trap or seal of mercury, whicli 
enables a practically frictionless and water-tight joint to be obtained. 

A recent important improvement in connection with the patent mercury 
seal is the employment of a check ring which prevents the possibility 
of any of the mercury being forced out of the joint by a sudden or 
unexpected head of liquid. A row of ball bearings is employed in 
connection with the mercury seal, and the balls being in tlie mercury 
are thoroughly protected, the mercury itself acting ns a lubricant. It 
will be seen that the sprinkler is held between two ball bearings placed 

the citremities of the central column, thus securing the greatest 
rigidity possible combined with easy running. 

The lop ball bearing runs on Iianleiwl steel races, which are 
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rcmovnblc, fo thnt tlicy csin I« easily replaced when required, llorc- 
OTcr, the whole of the bearing can be detached without entailing the 
dismantling of the Fprinlclcr. The Fcrew ndjnstmcnt enables the bear- 
ings to Ihj set with nccumcr, and they ron in an oil bath containing 
sullicicnt oil for tix months’ use, and llicy arc siirroanded by an oil trap 
which hermetically Fcals the bearings, so that they are unafTcctcd by 
moistarc or dust. 

Another fcalnrc of the CandyAVljUtakcr sprinkler is the patent system 
of “compensating” arms, which with a sprinkler haring four arms 
enables two of them only to be woikc<l at a lime under ppaetically tlic 
maiiraum head, and any flow beyond what the two arms will take 
passes automatically orer a weir-opening into the other two arms. By 
this system the sprinkler will rotate with the least flow possible, and 
will at the same lime be capable of dealing with a greater maximum 
Tolumc than would otherwise be possible. Sprinklers on this system 
arc capable of automatically dealing with any flow between 150 and 
I, COO gallons per square yard of bed per 24 hours without the employment 
of an automatic rake or dosing chamber. 

For the larger sizes of sprinklers the patent " Buoyant ” typo 
(Plate LV., Fig. tl, p. (i72) of Candy-Whiltaker sprinkler is adopted. 
In this type the whole of the weight of the sprinkler is supported by 
a buoy floating in a small well constructed at tlic centre of the bed ; 
the bearings arc thus rclicrcd of all weight, so that the sprinkler will 
work with less head and jicriodical renewals of the bearings ore aroidcd. 
The makers claim this system to be inraluable for large distributors. 

The makers of the Candy-Whiltakcr sprinklers are also the solo 
makers of the Candy-Caink distributor (Plate LV., Fig. 2, p. 672), m 
which type only one arm is required, and this is supported on specially 
constructed wheeled carnages running on one or more circular tracks 
laid in the bed. The illustration shows one of six 200-feeb diameter 
distributors in operation at Worcester. 

Jennings’s Distributor.— In this type of distributor, which is of a 
similar type to the Candy-Wbittaker sprinkler, the difBculty of making 
a watertight movable joint without undue friction is overcome by 
syphoning the sewage out of a central basin into the revolving arms ; 
the latter therefore have only the friction of the water against the 
syphon leg to overcome, in addition to that of the ball bearing carrying 
the weight of the apparatus. In this type of distributor (Plate LV., 
Fig. 5, p. C72) there ore no joints to leak. 

One of the difficulties in connection with securing even distribution 
in revolving distributors is due to the effect of centrifugal force, which, 
when the speed of the arras increases, throws the liquid towards the outer 
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extremities of the arras, thus iocreasiog the head upon the perforations 
furthest from the centre, and cansio" the liquid to he spread at a 
greater rale near the pcripltery of the bed tlian the calculated discharge. 

In order to counteract this centrifugal force Slcssrs. .Temiings Jiare 
designed an automatic gorernor, shown on Fig. 48G. It comprises a 
band A around the central colnmn B of the distributor, actuated by 
a receptacle C with connterbaI.incc P outside the rerolring cylinder I) 
through a lever E. The receptacle is filled and emptied by a flexible 
tube G so that when tlic distribntor is working with the raininiiira flow 
the goremor is idle, but when the abnormal flow occurs the liquid in the 
cylinder finds its level in the receptacle, causing same to gradiinllj fall 

and apply the brake, thus 
retarding tlio speed. The 
amount of fjiction set up 
is adjustable for each 
individual c.'««o, Wien the 
flow falls back to the raini- 
mum the liquid gravitates 
from the receptacle into tho 
cylinder, and the hndco is 
again idle. It must Ix! 
uuderslood that tlio gover- 
nor docs not influence in 
any way tho quantity of 
liquid parsing tlirough tlio 
distributor. 

Mntlicr & Platt’s Eis- 
trlbutor. — Mt.s'srs, Jlnlhcr 
it Platt arc the makers of n distribntor of tho fame class, hut the 
radiating nnns in this case arc open troughs with jici forations m the 
side®. 

This it 13 claimed, enables the arm to be kept clear witli greater ease 
than when pipes arc n«cd. The objection to this form of apparatus is 
that it presents such a large surface to the wind that u does nnt rotate 
in uindy weather. 

Tho “ Arocs-Crosto " Distributor (rialo h\., Pig. 7, p. C7it) con- 
sists (if a ecu tml cointnii bolted to top of iulct pipe, through uhich tfio 
fc^.igc p.je'cs and ilwnec by moans of tlie jwrts into the revolving 
buckets ; the scaago llien |m‘.s‘S inl<* the dislrihuliug' arm®, uhicli are 
of solid dniwri sttx;). 

The whole of the n‘uil\ing fwrts an; carried by« mntheqirixif cap, 
working' on l»all be.aring«, tlic bottom of bucket Ix’irig guided by a series 
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of rollcn to prevent nnv o<eiUnlory motion. Tlic rollers bcin^ visilile, 
and not niLnicrpcHl in tlic setra;;?, is n TnlitnMc improvement. 

TIio ivafcrltplit joint or real ls?twcon the fived and moving parts i« 
formed hr mean* of two ptmmetal rinps with annular proorcs and pro- 
jections nhich f('nn a peal to ihc escape of any lifjnid. The necessary 
flciibility of the joint i* obtatnctl hr mcan« of eitlicr a rubber or metal 
diaphragm. 

The ends of the tribes arc e.ach fitted with a patent cap which can be 
remored by a quarter turn to admit of cleaning. A screw is giipplicd 
by means of which the whole of the moving parts c.an be lifted for 
inspection and rcinovnl of the Kills, ball path, and seal. 

The " CrcBBct ” Distributor. — Messrs. Adams A Co. are the m.ikcrs 
of the Patent “Crc'sct” revolving di«trilmlors f Plate KV., Fig, -I, 
p. G7i?), in vhich the joint between the standing and moving jiarts 
is made by means of an air lock and tlicrc is no mechanical joint. 
There is therefore no fnetion in the joint itself- The Joss of Lead in 
this distributor is iniusunlly small. The weight of the distributor is 
carried by means of a ball bearing rtuioing in an oil bath and the 
general design of the njiparatns is good. 

The sewage passes throuirh the slots shown in the central column and 
the discharge is maintained in proportion to the head upon the 
distributor. 

nam, Dakcr & Co.’s Distributor. — Jfessrs. Ilam, Baker & Co. are 
alsomanuficturersof this type, details of which are shown in Plate LV., 
Fig. 8, p. C75. 

In this distributor there is no incclianic,il joint or seal to make. 

The sewage is conducted to the distributor by moans of a horizontal 
cast iron pipe A, and issues from the central pill.ar B tlirough fi\ed 
pipes 0 into a trougli D, fitted with distnbntmg pipes E. The trougli 
and pipes are connected by n)c.vns of steel suspension rods F to a head 
of cast iron G that i-csts on the top of the pillar B and is provided 
with ball bearings II, suitably lubricated to allow the distributor to 
revolve freely on tlie fixed pillar. 

This distributor has been designed with the object of obtaining the 
full advantage of the initial head of sewagi^ In order to start the rotary 
motion ; this is commenced by the incoming sewage striking upon blades 
J (see plan) fixed on the central Irongli, and is continued by the sew-age 
issuing from the distributing pipes and being sprinkled on to the filter 
bed. The distributing pipes E have sparge holes spaced to give an 
equal distribution of sewage over the whole area of the bed. Shortly 
this may bo described as a combination of the principles first introduced 
in the " Pelton wheel ” and the " Barter’s milL” 
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Farrer's Facile Distributor is illastrated in Plate LV., Fig. G. 

In this distributor A is the cast iron feed pipe connecting through 
the bend B with tlje cast iron stand pipe 0. E is a cast iron cap 
forming oil reservoir revolving on phosphor-bronze rollers and carrying 
the tie ropes from the wrought iron distributing arras P. H is an 
annular iron basin into winch the sewage is discharged by the syphons 
K, and N is an overflow wmr. P is a brass gauge tube, forming on anto- 
mntic cut-off, by which the distributor can be made into a dosing 
apparatus without having a separate system of valves, the automatic 
.arrangement being bo sensitive that it will work with a dificrcncc of 
only 1 inch, so that the sewage can be drawn direct from septic or 
precipitation tanks without causing n variation m the level of inoic than 
a few inches. 

The Septic Tank Co., Ltd., also manufacture a revolving sprinkler 
which IS somewhat Rimikar to that of lilcssrs. Ilam, Baker & Co. 

The" Fiddlan” Distributor.— -An entirely different type of sprinkler 
is that known as the “ Fiddian ” (Plate LVI., Fig. 1, p. «7 i) in wivich 
the sewage is conducted to the buckets of au elongated water-wheel, 
which not only revolves on its horizontal axis but travels itself on the 
surface of the filter by means of wheels fixed on or connected to its axle. 
The head required to operate this distributor is 16 inches. 

In this case there arc no joints to (rouble with and the spimklcr has 
no small boles to block up, and it is said to give nnirorm distribution 
irrespective of the rate of flow. It has a hirthcr advantage of not 
c.vpo.«ing at any time a large area of sewage to the summer sun or tlic 
w inter frost. 

The small sizes with ouly single arras are not affected by tlic wind, 
and the larger sizes have a larger number of arms winch balance one 
another ami so avoid wind action. 

, Powr.u-T)mvF,x Rkvoi.vixo BisTiunuTons. 

Bcvolving distributors driven by power arc similar in cla^s to the 
automatic revolving distributors already <iescril)cd, and there is no difli- 
culty in attaching a small electric motor to almost any of the forms 
mentioned. 

The Scolt-MoncriclT Distributor is driven by power uliich may ho 
cUIht an oil engine or an electric motor running on rails on (he 
jKiripheiy of the filter and connecled to the end of a httiloe glnler 
‘which carries Ibc dislntmtion troughs, nnd the oilier end of nhlch Is 
fiiipported on the central column, the whole being rotated by means of 
the engine or motor (Plate EYI., Fig. 2, p. 07 1). 
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On the main troujjli carried Uy tlic pirder ndju^tahle plots are piovidcd, 
supplying the sewage into secondary troughs from which it is discharged 
over weirs in a thin film. The sizes of the slots can be proportioned 
to the area of the filtir to he corcrcrl, and by this means exceptionally 
cren distribution can be attained. Tlie general arrangement, iiowever, 
is cumbersome, and the weight of the motor and girder is so great that 
sj)ccially strong filter walN, foundations, and rail? are required to 
carry it. 

The Adams’ Electrically- Driven Distributor shown in Plate LVI., 
Fig. 4, p. C74. is a simple app.rralus and is not unduly costly. 

The chief difiiculty with mechanically driven distributors is tiic need 
for the outer rail and frequently of intermediate rails upon which the 
driving wheels or carriage of the apparatus travel. 

IVith the distributor under discu«»ion no rails arc used. The motive 
power is obtained from one or more electrically dnven fans. A central 
pin bolted to the summit of the distributor carries the fast and loose 
contact plates. The current is automatically cut off when the \elocity 
of the distributor is sufiiciciit. The driving power is applied where 
the lever.igc is the greatest, v«., at the extremity of the onus j thus the 
assistance of the centrifugal force produced by tie sprays is added to 
the power giicu by the fan. In the illustration the distributor is 
shown fitted with two fans and two arms only. The fans aie specially 
constrncted for outdoor work and arc extremely simple m design. 

TBAVELLD.-0 DlSiniBUTORS FOlt RECTA^-aULAR BeDS. 

The desirability of applying the spi inkier fcysiem to a rectangular bed 
has led to the design of sprinklcis for that purpose. Some of these arc 
automatic and some are power driven. 

Dam, Baker & Co.’s Travelling Distributor. — In this distributor 
(Plate LVI., Fig. 5, p. 674) the motis’e power ts provided hy using an 
elongated water-wlicel very simikir to tbe “Fiddian” distributor, the 
sewage being syphoned out of a trough as the distributor travels from 
end to end of the bod. In order that the distribution and intermittency 
of the liquid may be maintained the apparatus is designed to diatiibute 
on half of tlie bed when travelling in one direction and on tlie other 
half wlicn travelling in the opposite direction. 

Vilen these distributors are working over adjoining filters the two 
distributors can be connected by a system of wire ropes and pulleys for 
the purpose of wind Uilance, and they arc fitted with spring buflers at 
the ends of tbe beds to operate tbe reversing gear, 

Jennings’ Travelling Distributor. — ^Jlcssrs. Jennings also manufac- 
ture a similar type of tiavelling distribntcr, the power being obtained 
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from a water-wheel operatiug through wire ropes to the distributiou 
arm which syphons out of the channel as shown in Plate LVI., Fig. 3, 
opposite. The water-wheel has a fly-wheel on its shaft to ensure uniform 
motion, and is connected to the distribator by means of straight and 
cross diiving belts. 

■Willcox Distributor. — Similar travellers driven by electric motors 
arc also in use, one of the most efiectivc of nliich is that designed by 
Mr. J. F. lYillcox and manufactured by Hartley & Co. 

For description and illustrations of this sec the description of the 
Uunley Sewage Works, p. 724. 

ISTERIUTTIKO GeAR. 

All these systems of distribution arc more or Ipss capable of being 
used with intermitting gear, and numerous devices have been designed 
to effect this object. 

Tho Candy»Wlxittalcer Intermittor is shown (Plate LVIL, Fig. 2), 
p. G7G ; in it a syphon is thiown in and out of .'iction by floats at 
diffircnt levels, and this apparatus is fixed in a dosing chamber of suit* 
able size and can be made to opcnitc with a very small variation in, level. 

Any number of these syphons can be coupled up to dischavgc 
Rimultaueoualy or allcniatcly. There are no small discharge pipes 
liable to become choked and there arc no valves to get out of order. 

Jenainea’a Low Draft rorcing Syphons arc shown in Plate LYII., 
Fig. 4, p. G7G. 

These valves can be set to discharge continuously or intermittently 
according to the amount of litjuid coming down. They will work with 
ft depth of 4 inches of liquid and upwards, and any number can be 
coupled up to discharge simultaneously or in sequence. 

Mather & Platt'a Automatic Measuring Valve can be applied under 
similnr conditions. 1 1 consists primarily of a flap valve, counter-balance 
weights and a balance vessel ordium which is filled gradually with liquid, 
being pivoted about a liorizoulal axle (Plate LVII., Fig. D, p. G7G). 

When the measuring chamber and balance drum are both empty, the 
counterbalance weights raise the latter and allow the flap-valve to close, 
the balance drum theu being in Us highest positiou. As the measuring 
chamber fills, a proportion of the sewage is allowed to pass from it 
thiougli a flexible pipe into the balance drum, which is thus giadiially 
filled ; and at a guen level Us weight will sntflee to overcome the 
counterbalance weights and tbe pressure of the sewage on the flap- valve, 
and will open the latter, thus allowing a measured quantity of sewage 
to bo discharged into tbc troughs or pipes for spreading over tbe 
bacteria beds. The balance dium discharges its contents meanwhile, 
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and llius when llic measuring chamtxir is cnij)ty, the (lap-valve closes 
again bj tlie action of the comitcrtrciglits nnil the cltanibcr is ready to 
receive another ejuantity of sewage. * 

Ham, Sakcr & Co.’a Intermitting Valve (I’Jatc LVIL, Fig. I, 
p. crc^. — IHicn (he sewage rises to top wafer fovcl it overflows the edges 
of the email trough ehown in section against the central wall and 
passes through tlie pipe into the bahmeed bucket in tlic valve chamber. 
AVhen the bucket is snflicicntly fitU it is automatically depressed, tlius 
lifting the (loat ehown at low water line and the fl.ii>*Talvc attached 
to iU 

This allows the contents of the measuring chamber to pass tlirongh 
the supply pipe (on which is fixed o controlling and regulating sluice 
valve) into the distributor, and so on to the bod. 

The bucket IS self-emptying, and when empty is brought back to its 
original position by the balance weight fixed on the end of the lever 
remote from the bucket, to which cud is attached, by means of n chain, 
the flout and valve. 

The float keeps the flap-valve open till the sewage has fallen to low 
water level, when it loses its buo)aDcy and the valve closes. 

Adams & Co.'a Low Draft Syphon (Plate LVII., Fig. p. C7C). 
—The illostration shows the Adams* i*atciit System uf dosing auto- 
matically lu sequence or desired rotation »uy number of revolviog dis- 
tnbntors, contact beds, or several filtering areas by mcaDs of simple 
syphons. Almost any number of these may be placed m one dosing 
tank to discharge to os many outlets as arc required. By a system of 
bye-passes, the syphons may be set to operate in any desired order, and 
any one or more may be entirely shut out of the cycle if desired. 

Coleman’s Patent Automatic Sewage Valve (Plate LVII., Fig. 7, 
p. C76) is a simple and effective .automatic apparatus for the inter- 
mittent discharge of sewage. 

The valve is operated by a float and a incrcurially balanced beam. 
The sewage as it rises m the measuring tank raises the float to the 
required height, in which position it is retained by an adjusting screw 
and the balance weight and valve until the float is nearly submerged. 
As soon as the lifting power of the sewage lifts the flo.at and tilts the 
lever, the mercury flows from the lower end of the beam and the com- 
bined action of the float and mercury open the valve and the sewage 
is discharged, after which the valve is again closed by the apparatus 
automatically lesuming its normal position. The mercury balance 
makes the action of the valve certain and automatic. 

Hodgson’S Intermitting Valve has been designed to enable rotating 
sprinklers to be supplied direct from a septic or other tank of large 

X X 
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superficial area, thus avoiding the head usually lost in a dosing tank. A 
dose which would lower the level in a dosing chamber hy 1 or 2 feet 
would only lower the level iu a septic tank by about 1 inch, and thus 
the sprinkler has a practically constant head to operate it whenever the 
valve allows sewage to pass. 

Plate LYIl., Fig. 6, shows a plan and elevation of the apparatus 
placed in a chamber which is in connection with the septic tank. 

The apparatus consists essentially of three parts ■ — 

(1) A seating S, through which the liquid discharges. 

(2) A valve cap C, attached to aims which rotate about the pin P and 
neaily balanced hy the weights W W. 

(3) Tuo floats, F F, attached to a frame, also rotating about P and 
carrying two adjusting weights, A A. 

Tlie action of the appm’atus is as follows : — 

“When the upper level m the septic or other tank is reached, the 
buoyancy of the floats is sufficient to overcome the foice due to the 
w’eights A A, and the frame carrying them commences to rotate. After 
moving thiough a small angle it comes into contact with a lug on the 
cup C and lifts it, aUowlng the septic tank to discharge to the 
sprinklers. 

The discharge continues until the given lower level is reached, when 
the floats have too little buoyancy to support the weights A A. The 
cap and the frame then return to their original positions and the 
discharge ceases. 

Area of Beds. 

The quantity of liquid which can be dealt with permanently ou 
percolating beds depends on the strength of the sewage and the 
degree of preliminary tieatmcut which has taken place. It will be 
found that in experiments which have been carried out at various 
towns the rate of flow has vaiied fiom 150 gallons per square yard per 
day to as much as 450 gallons per square yaid. In such experiments 
the rate of flow has been kept more or less constant throughout the 
24 hours, and has not fluctuated with the volume of sewage at diObreat 
liouis of the day, or when ram falls. 

In dealing with the design of works for the whole flow of sewage of 
a town these conditions are not maintained and the beds must be 
capable of accommodating themselves to the fluctuations of houily flow 
as shown on the diagiam p. 30, and must also be able to take tliice 
times the mean dry weather flow. 

Tlie regulations of the Local Government Board take into coueidera* 
tion the depth of the filter, and it is generally assumed that a filter is 
capable of pniifying a quaiiiity of sewage proporliomitc to its depth. 
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(4) Double coTitficfc beds must be provided if an equivalent degree of 
purification is required to that produced by a continuous filter. 

(5) Contact bods must be worked by automatic gear if three fillings 
per day aie required, but may be operated by band if two fillings are 
sufficient. 

(6) Generally speaking the gear for operating continnous filters is less 
liable to get out of older than tliat for contact beds. 

(7) Where the facilities for redneing suspended solids are limited, 
contact beds will sludge up and deteriorate much more quickly than 
continuous beds. 

(8) Percolating beds are more adaptable to llnctuating rates of flow 
than contact beds. 

(9) The first cost of percolating filters is less than that of contact 
beds for equal quantities of sewage. 

(10) Generally sjieaking continnous filters give better results than 
contact beds. 

Broadly, it may be said, that with crude sewage contact beds are 
inapplicable except when constructed of slates on the Dibdin principle, 
on account of the inpid sludging up of the rough bed. With percolation 
beds constructed of sufficiently large material it is possible to obtain 
a well-oxidised effluent with crude sewage, but the process must usually 
be followed by settlement, filtration or land treatment to remove the 
solids in snspeusion passed through the beds. 

With septic tank eflluent or settled sewage excellent results can be 
obtained witli double contact beds at the rate of 90 gallons per cubic 
yard in each bed nith two fillings per day, but the life of the beds will 
not extend beyond five or six years before they require to be dug over 
and the material washed. Percolation beds will deal with this class 
of liquid for much longer periods if constructed of sufficiently large 
material to evacuate the solids in suspension, which should be subse- 
quently settled out, as is done at Birmingham. 

With precipitated sewage, containing not more than three to five 
grains per gallon of suspended solids, contact beds have a longer life 
than stated above even with tbice fillings per day, and percolating filters 
will produce an effluent quite satisfactory for all ordinaiy rivers whilst 
giving greater elasticity than contact beds for increased output iu wet 
weather. 


Storm-water. 

Tlie ordinaiy requirements for dealing witli storm- water are now fairly 
well established at six times the dry ncathcr flow of sewage, this quantity 
being calculated on the mean rate of flow tlirougbout tbo twenty-four 
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Of tlio Fix Tolutnc®, three nre usaiIIjlol)e fully treated ns if consisting 
of ordinary sewnge, and the other three volnmcs may be partially treated 
on a fpecial area of land set apart for the pnrpose, or on filters working 
at the rate of 500 gallons per sqnare yard per day with a depth of 
three feet. 

The diluted sewage contains the onliiiary domestic sewage and trade 
cfUncnts (if any), together with the washings of streets, backyards, roofs, 
glitters, etc., and in most cases a good deal of solid matter which has 
been dcpo«ltcd in the town sewers, and \rluch is flushed out hy the 
greatly accelerated flow caused hy the iticrca«c<l rohime in those sewers 
which at ordinary dry times nre not floning nearly half full, 

At the commencement of the storm the sewage is often much worse 
than tlie ordinary dry-wonther sewage, but the excels of impurity con* 
sisU almost wholly of suspended matters, and if thc'c can be successfully 
eliminated, the remoining liquid is generally very dilute. In Leeds, 
where the senora arc on the combined system, all rainwater being taken 
into the sewage eewera, the solids in susiiension in times of ram are 
nearly throe times ns great as in the dry-weather sewage. 

This indicates that the works installed for tlie purpose of dealing 
with the second three rolumes of storm-water should contain large 
detritus or settling tanks, whereas the iisnal practice appears to be to 
separate this portion of the flow before it reaches the ordinary precipi- 
tation or septic tanks, and to take it direct to the slorm-wator filters 
withont settlement of the solid matter. 

A good arrangement is to provide a special settlement tank to he 
reserved for storm-water, and to be worked on the continuous flow 
system, but placed at such a level that it can be emptied, after the rain- 
fall has ceased, either on to the filters or on to land, so that wlien a 
fresh storm commences the tank may be empty and leady to rccene the 
first flush of solid matter brought down bcfoio the liquid commences to 
overflow and be discharged on the filters. 

The method of distribution of the liquid on the storm-water filters is 
in many works unsatisfactory, and it streams through the beds without 
receiving much purifi«ition. If sufficient fall be available fixed jets are 
useful for spraying the liquid over the beds, or if there be insufficient 
fall for this the beds should be constructed as contact beds, and the 
valves should be closed until the bed becomes waterlogged ; they can 
then he opened sufficiently to allow the cfllucnt to be discliarged at 
the same rate ns the storm-watcr is entering. By this means even 
distribution can he obtained. 

The ordinary storm-water filter is open to the objection that in long- 
continued periods of dry weather the bed becomes so dry that the 
bacteria are more or less starved out of existence, and when the bed 
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18 snddcnlv called upon to work to its full capacity it is not In n con- 
dition to do 80 . In order therefore to keep the beds in condition 
they should bo occasionally doseil in dry weather with ordinary tank 
efilnent, bnt the quantity of the dose must not be more than the bed 
can tinciently purify. 

Hitlierto this subject has not received eo much attention at tbc bands 
of exj>ciimcntcrs ns the ordinary dry- weather flow of sewage, and the 
Lf‘od< Corporation cxporimctils arc perhaps the most exhaustive wliich 
liavc been carried out. 

Tlic^e cxj'orimcnls were made on the *'f/;cds Bed," which was 
a emn'O-grained percolating fiUcr treating fresh sewage at the rate of 
200 gallons per square yaid per 21 hoora ; whenever storms occurred 
the dilute sewage was increased up to COO gailoiis per square yard, ami 
when the dilutiou was Rufllcient up to a rate of 1,200 gallons per stiiinre 
yard per day. 

It w.is found that these rapid rates of flow washed the accimuilntlon 
of solids out of the l)cd, and that the cflhicnt contained more solids than 
the Ftorin-wnlcr. 

■\Vlicn therefore the crude cfllncnt was taken, including the snsjiendcd 
Solids, the purification shown was practically \cry small ; after a suh- 
sequent fine filtration for the removal of the solid matter the final 
juirification showed an average of 7.v:t per coni, measured byalhuminoid 
atnmnnia, or OO'fl per cent, measured by oxygen absorl)cd. 

By reason of the fln«hlng out of the solid matter too fn.st to permit of 
eflleient oxidation, the filtrate during 8torm times with its fiiispcndcd 
inatlor was iiiv.irinbly putrescent ; but after removing these solids by 
meclianical filtration a non-putrcsccnt result w.as obtained which was 
analytically belter than the West Uiding Kivcrs Board Provisional 
S'andard, and w.;s sometimes even letter than the dry weather resultB. 
This was true iKith of the COO-gallon and the 1,200-gnlIon rates, but 
li^'llrr with the former than tho Intler. 
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nitrates l>y farther oxidation. After storm»vrntcr treatment the filtrates 
were deficient in nitrates, and this had n detrimental cfiect upon their 
keepin" qualities. The hed, however, soon recovered in dry weather, 
bnt in cold weather did not return to its normal efilciency at once. 

The following tables show the average results obtained in the period 
August — December, 1003, which was an exceptionally wet year : — 


TABLE 112— COO-GALLON RATE (AVERAGE OE ANALYSES). 
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Storm-'' ntcr 
Crude fiKiatc 
Purification . 
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- 
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n 




B 
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TABLE 113—1,200 GALLON RATE (AVERAGE OF ANALYSES) 


1 
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Crude filtrate . COO 

Purification 49 1% 
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— ac 1 43 1 

Nil :>8 0 41 8 

~ ~ 1 “ 

rairate (fine 

filtered) .. 420 

Purification . 03 2% 
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73 1% 

70-> 
S8 8% 

nil 6 0 
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A further series of experiments wore made with piecipitated storm- 
waters on a percolating filter C feet deep filled with 3 inches medium 
and u«ed in dry wcatlier for precipitated sewage, containing an average 
of 4*4 grains of solids in snspensiou per gallon, the iiuantity being 100 
gallons per square yard per day. 

During periods of storm, the storm-water was alloued to flow through 
a tank at a speed equal to a four hours’ flow, about IJ grains of lime 
and J grain of aluminium sulphate being added to a«sist the sedimenta- 
tion of the solids. The clarified storm-water was then distributed over 
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the filter at the rate of COO gallons per sqnare yard— f.?., six times the 
normal flow. 

The effliionts obtained, although containing more suspended solids 
than normal, were excellent in character, being well aerated, well nitrated 
and non-putiescent. 


•TABLE lU.— AVERAGE OF ALL ANALYSES MADE DURING STORMS FROM 
JULY, IDOL TO FEBRUARY, 1003. 


Grains per gnUon 

Frw 

Alb 
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Nllj 
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K 

Before. 
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60 0 

fi2 

Filtrate 
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•001 
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•229 

•2S9 
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Percentage purification 
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— 

■“ 
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Commencing Jtarch Ist, 1905, the flow of precipitated sewage on to 
the filter wps increased to 200 gallons per sqnare yard in dry weather and 
to 1,200 gallons in storm times. This incrcnse^l rate of flow did not 
make any appreciable difference to the condition of the effluents. 

The following is the average of all storm-water which came down to 
the works between March 1st and December 31st, 1905 : — 


TABLE 116 


Grains per gallon. 

Free 
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Alb. 

Nils 


Nitric 
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1 75 
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sewnge 

1-72 
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CO 1 

4-7 

b iltratc 

0 3-.1 
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1-12 
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C7 0 

28 

rerceiitngc purification 

80% 
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93% 

— 


— 

9% 

93% 


Tliese results compare favourably with those obtained from a perco- 
lating storm-water filter of the usual type used with crude diluted 
sewage. The filter was S feet deep, and was constructed like an 
ordinary contact bctl filled with fine clinker * inch to | inch diameter 
to wliich was added a top layer of very fine clinker to a depth of 
C inches, ns in the Mnnclicsler beds, distribution being by means of 
grips cut in the surfuce material. Dining storm times, crude storm- 
water was discharged on to the filter at the rale of 500 gallons per 
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ftqnaro yard per day until the bed Tras full. The outlet Tulves were 
then opened to Buch an extent that the rate of dischai^c was cqnal to 
the rate of distribution, thus causing the storm-water to stream through 
the body of the filter as evenly ns possible. This procedure continued 
until the end of the storm. In dry weather the filter was allowed 
to rest. 

The following is the average of all analyses referring to this filter : — 


TABLE 11(5 JOLT, 1004, TO FEBRUARY, 1903. 


Grains p-r callon. 

Frre 

Nils 

Alb 

Nils 

iMouird 

Nitric 

N 

Jnculmtor teit 

Sollda. 


After 

Soluble 

Suspended 

Storm sewsge 

Filtrate 

Percentage punfic.ation 

1 22 
418 
fi:>% 

452 

147 

07% 

7f.2 

1 70 
79% 

•313 

- 

317 

49 9 

C4 1 
Nil 

64 3 

9 1 
83% 


The results obtained by the Increase of the rate of flow upon the 
percolating filter indicate that it may be better, instead of using the 
ordinarj' typo of storm-water filter, to provide increased tonhnge capacity 
for the purpose of separating the solids in suspension in the storm-water, 
and to make a liberal provision of percolating beds and so deal with the 
full six volumes of storm-water on the earac set of beds as is used for 
the ordinary dry weather flow. 

Sterilisation of Sewage Effluents. 

Bacteriologists arc apparently agreed that pathogenic organisms arc 
present in cfllucnts from land treatment and in at least to an equal 
degiee iu the effluents from bacterial processes of sewage purification. 

Dr. S. Bideal concluded from his expenments at Caterham that 
nitrifying filters removed 38'5 per cent, of the coli organisms and all, or 
nearly all, of the entcritidis. 

When therefore tiie final efflnent of a sewage works is discharged into 
a river from which a public water supply is drawn or watercress is 
cultivated, or into an estuary in which Bhcll-fish are reared, it beenmes 
a question whether or not means should be taken to sterilise t!ic 
effluent, and if so at whose expense this process should be carried out. 
The Bojal Commission on Sewage Purification have drawn attention 
to this point, and liavc suggested that the cost should be borne partly 
by tlie sewnge producing authority and partly by the water supply 
authority. 

In the past efforts have been made to produce sterility in sewage, but 
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they havc'becn applied to the crude sewage and not to the effluent. The 
precipitation processes of purification in vogue years ago tended to 
produce sterility by heavy dosing with chemicals, often producing 
excessive alkalinity or excessive acidity ; and other processes such as 
"Webster’s Electrolysis method, the Hennite System and Jteeves Process, 
all applied solutions of a bactciiocidal character to the sewage before it 
arrived at the sewage disposal works. 

Since the recognition of the useful part played by bacteria in the 
sewage purification process it has been evident that such systems are 
wrong in principle, except possibly in the cases of sewage discharged 
into a tidal estuary where there arc oyster or other fish layings which 
might otherwise be contaminated and of storm-waters wliich might 
otherwise pollute a drinking-water stream. 

The first application of a Bterillsing process to a final sewage effluent 
after utilising the bacteria for purification purposes was at llnidcnbend. 
The sewage there was purified by chemical precipitation and subsequent 
filtration, and to the effluent was added I part to from 400 to COO 
of effluent, of a liquid called Electrozone ” obtained by electrolysing 
sea-water or brine containiog 2 or 3 per cent. NnOl. Bacterial 
exarnruatron showed tlrat the germicidal action was very matked and 
that the final effluent contained very few bacteria. The process is not 
now in use. 

At the Guildford Sewage "Works a semcwliat similar process is 
installed. 

Briefly, it consists of the electrical decomposition of salt and water or 
sea-water in a specially designed clectrolysor having a large superficial 
area of electrical surface, which permits of the use of a high density of 
current at a very low voltage, thereby securing economy of operation. 
The type of electrolyser which would be suitable for sew’ago works 
has an electrical surface of 57’f* square feet in one pole, carrying a 
current of 2,700 amperes at 5 volts. As tire quantity of bypochloiite 
is dependent upon the amperes only, the economy of this machine 
is at once apparent. In addition — and this is a most important factor 
commercially — the capital outlay for such a plant is extremely low. 
Tlie process is Very similar to the “ Ilermite " treatment, being the 
application of o\y-cbloridcs in snch qnautitics ns maybe rcqniicd to 
sterilise sewage effluents. By the Gnildford experiments it was found 
that when an effluent comes up to the recognised standard of purification 
such ns IS obtained after hind treatment or secondary filtration in 
hacteria beds 3^ gallons of oxy-cliloridcs per 1,000 gallons of ellliicnt 
is sulficieiit to reduce the bacillus cob — a bacillus present in all sewages 
and allied to the typhoid bacillus — from 100,000 per cubic centimetre 
before treatment, so that none could be found in a cubic centimetre 
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lifter one lionr’s Irealmcnl. The total nimiber of nil organisms was 
reduced from o\cr 600,000 to 4r»0 in lc«s than tno hours. In n raw 
sewnge 18J gallons j)cr 1,0(»0 rcdncctl the coH from over 1,000,000, so 
that none were found in 1 cubic ccntimelic, and the cntcrltidis spores 
from over 1,000 to Ic'S than 10 in 3 hours, and the total number of all 
organisms from 23,200,000 to .340. 

Dr. lUdeal, who carricvl out ct{icriii)cnt5 at these works, states that 
the gcnuicnhil value of the electrolytic solution, contaiuiug chlorinc- 
oiides and other compounds, was greater than that of the equivalent of 
free chlorine liberated cbcmicnily. He establislicd an easy practical 
guide to the amount of re-agent needed. There was a very nearly 
constant relation between the five mimitcs' ovygcii figure, representing 
the amount of the agent that would be at once taken up by the organic 
matter, and the rjuantitr of the oxy-chloriJe tliat was needed, so that 
there would be nu cvccss cai>ablc of killing the bacteria. The fire 
minutes' oxygen multiplied by 1‘7 gave the amount of the available 
chlorine required in parts per 100,000. The machine at Guildford 
turned out a solution with from 0*2 to 0’3 per cent, of available chlorine, 
and It was thcrcrure a inalter of c.alculalion to determine how much 
solution to add. 

Tlie general conclusion arrived at was that, with a good c/Queot, 
absolute sterility can be insured by the addition of 3 {wirts jicr 100,000 
of available chlorine ; but tbal for discharge into a stream used for a 
public water supply, one-tenth of this quantity would be sufficient. 

Clilorine compounds arc, apparently, the cheapest sterilisers at present 
available, aud " cbloros,” which is a chemically produced solution of 
sodium hypo-chlorite, coutaining 10 per ccut. of available cblonue, was 
used by the Metrojiolitau 'W&tcr Board fui sterilising the effluent from 
the Hertford Sewage Works, which is discharged into the River Lea 
above the intake ; aud the same solution was used for the Lincoln 
water supply during the epidemic of typhoid in 1005. 

Sodium-mangau.ite has also been used as a steriliser, and ozone is 
another available medium. If a sulficiently economical piocess of pro- 
ducing ozone from atmospbeiio air were perfected, it might be even 
cheaper than the chlorine compounds. 

The question of sterilising storm-waters is one of great importance. 
It will be recognised that the scouring action, due to heavy flushes of 
storm-water, brings down to the purification works large volumes of 
deposits from the sewerage systems of most towns, and that this so-called 
diluted sewage is, at limes of heavy niiiifall, aud esixicially early on in 
the discharge from a big storm, of great impurity. The general 
tendency of modem opinion is now in favour of largely increasing the 
detritus tankage for storm-waters ; and some autlioritics go further, and 
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say that the storm-water should be impoimdcd in tanks, and, if 
necessary, the effluent therefrom should be sterilised. 

Therc is another class of effluent which requires sterilisation, namely. 




Fics. 4S7 — 189. — The “Newcastle” Sewage Steriliser. 


that from Infectious Diseases llospitals. In this ease tlie steriliMtion 
should take place at tlic earliest possible moment. 

The “Newcastlo SterillBer** is shown iu Figs. 487— -181*, uud is 
made by 2Iessrs. Goddard, Massey & "Warner. 

It consists of a cast-iron j)ot of 30 gallons cajiacity, uith an opening 
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9 indict in diameter nt the top ; this opening being dosed by n hinged 
and balanced lid, with rublwr joint ring, made 8tcain4ight by pindiing 
screws. Steam is conveyed into Che pan by a small pipe reaching to 
the bottom. There is also n second steam pij>c, which conveys steam 
to the space above the liquid. A third pipe allows of cold water being 
run into llie pot for dcaustng purposes. Through the cover passes a 
larger cast*iron pipe, which re.aches to within n short distance of the 
iKtUom of the pan and ia closed by n valve. This pipe commanicates 
f^ith a cooling tank outside the building. Into this cooling tank cold 
water can he run to cool down the ejected sewage to below 100° Falir., 
and it is then allowed to run to the sewer. 

This sterilising apjwralus is made purposely of small size, so that a 
separate steriliser can be supplicil to cadi ward of the hospital, and it is 
fixed in a small anuci connected to the ward. The nurses empty 
the bed-pans or any Tcs«el3 conlninmg infected washings or suspected 
liquid into the pot ; the lid is then dosed, and ns oHcn as necessary an 
attendant screws up the Hd and opens the stcam-cock. The steam 
enters nt the bottom of the liquid, mixing it thoroughly and rapidly, 
raising it to a temperature of 250° Fahr., which is indicated by a steam 
gauge showing a pressure of SO lbs. Steam is then shut off, and after 
the pressure has fallen a few |iouDds, the outlet valve is opened and the 
whole of the liquid is at once discharged into the cooling tank by tho 
pressure of tlic remaining steam, the pan being completely emptied. 
The whole operation does not occupy more than ten minutes. 

The Horsfall Destructor Company also manufacture a steam 
sterilising apparatus for use at Infectious Diseases Hospitals. This 
apparatus is of a larger size, and intended to deal witli the sewage 
after it has passed through the drains and not, as in tho previously 
mentioned apparatus, with the infected matter before passing into the 
drains. 

This apparatus is shown lu Plate LVIII., p. C88. The sewage is 
admitted through a 4-iDch pipe into a spherical cast-iron vessel, in 
which it is subjected to the direct action of high pressure steam. Steam 
from the boiler is turned on, and passes into the steriliser from the 
bottom, thus distributing itself throughout the sewage and subjecting 
every particle of it to the high temperature. 

Suitable gauges are fitted for measuring the temperature of the 
sewage and the pressure in the vessel, and a safety valve is also fitted 
to guard against any over-pressure. 

When the contents have beeu sufficiently subjected to the high 
temperature, the steam inlet at the bottom is closed and the steam inlet 
at the top of the vessel is opened and also the sewage outlet. The 
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pressure of steam on tbe surface of the sewage forces it oat of tiie 
steriliser and into a cooling tank. 

The Eieam and outlet valves arc now closed and the steam pressure 
allowed to escape by a blow-olf pipe, and the vessel is again 61Ied nith 
sewage. The entering sewage condenses tbe steam in the vessel and 
this causes a rapid flow of tbe sewage to fill the steriliser. 

An improved design for a simitar steriliser, prepared by ilr. G. A. 
Hart for the Leeds Corporation Infectious Diseases Hospital, is shown 
in Plate LIX. opposite. 





CHAPTER XVIII. 


DISPOSAL OF SEWAGE SLUDGE. 


The final disposal of tlio sludge resulting from sewage purification 
has always been one of the chief difficulties of tlie problem of sewage 
treatment. The nianurial raliie of the matciial 13 small, and it is a 
waste product of the process which must be got rid of as cheaply and as 
expeditiously as possible. 

The methods of doing tin's may be briefly summarised as s— 

(1) Removal to sen. 

(2) Earth burial. 

(8) CrematloD. 

(4) Drying in lagoons. 

(5) Diying in prepared beds. 

(G) Filter pressing. 


The Quantity of Sludge per million gallons of senngc varies with 
the quality of the sewage, and the process adopted for the separation of 
the Solid matter therein. This subject has already been dealt with to 
some extent in the at tide on Removal of Suspended Solids, p. C28 ttstq. 

The method of estimating the quantity of sludge from a givcu process 
is as follows : — 

To flic average number of grains per ganon of solids i« suspension 
in the sewage add the grains of precipitant applied, and deduct from 
the total the grains of solids in siisjicnsion in the tank cfliuent ; tins 
gives the grains of solid matter dc|H>sited from cacli pillon of sewage. 

Then if G := grains per gallon as above determined. 

„ JI sewage per day in inilHon gallons. 

„ T s= tons of wet sludge J'Ct day (?0 per cent, water). 

„ p s= jicrcentage of water in pressed cake. 

„ C s= tons of cake containing P per cent, water. 

100 M X 0 


Then T r= ■ 


lf>4 
10 T 
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Pressed sludge cuke contoming 50 to 55 per cent, of n-ater n-eighs 
about 14 cwtg. per cubic jard. 

Scmoral to Sea. — The remora! of sludge to sea h ob\ iouslv coofiiiwl 
to tlio'c towns where there are fneiUties for cflsj shipment, and is practi- 
callr limited to scaboanl towns, eicept in the cjise of Salford, whicli is 
referred to on p. 713. 

London and Dublin art? examples of this method of slndgo disposal. 

At liie northern ontfall worts of tlio London County Council at 
Barking the whole of the eewnge from the north side of the river 
Thames is concentrated, the daily dir-neather lion being 1.31,ii(»fi,o00 
gallons, whicli is about 40 gallons per head of the popnlaiiou. The 
sewage is precipitated in tanks holding collectively gallons, 

or about Jionrs sewage flow during the i?eriod of raaxiimim discharge 
nfler making nllowanco for t.inks out of work for cleansing. 

The chcnuc.al trcatoicnt consists in the addition of four to five 
grains of lime per gallon of sewage and one grain of proto-snljihate of 
iron in solution. 

The sludge from the precipitation tanks is first pumped into sludge 
Iniiks in nliich it is allowed to settle, the liquor being drawn off by 
falling weirs, the final sludge containing nl>oiit per cent, of moisture. 

Till's slndge is pnni(<d info steamers and tnins/Kirtctl to Jlarrow 
Dccp<, about fifty miles from (lio outfall work.®, by sjiocwl sludge 
steamers, each of 1,000 tons carrying capacity, the quantity disjvo«ed of 
!>cing about fll.fiOO tons per week, one ton of sludge being cxtrnctw! 
from about 51,500 gallons of£cw.age. 

The eo«l of precipitating the sewage and conveying the sludge to 
sen, including account of c-ipiinl expenditure, was for tlic .tear lOOC 
£l 8.». !?</. per million galions. The cost of sending the sluilgo to sea 
was ,3f. 7</. i^cr ton. 

The County Council po««e«s n fleet of su sicamers for u«e at the 
Barking and Crossness outfall works. 

The Dublin sewage has n drj' weather fl»'W of from Itlj to 14 million 
gnljans j-er d-ijr, which i? precipitatwl aiih four grains of lime j^er 
gallon in tanks haring n capacity equal to CO jicr cent, of the dry- 
weather flow, the tank cfllnent hoi’ing only five grains of solids in 
sii«{)en<ii'n. 

The quantity of sludge prwluccil is rl*out .'t50 tons per day, ain- 
tniiiin" Pg p« r tTiit. of w.ntcr, and this i« iriumcd hy sludge steauicrs 
nnd drposiicd In the Iri*li Ch.iiineJ. 

Earth Burial M carnn! out hy digging trenches in the ground and 
ninning the sludge into them, allowing n short tin'e for dniin.agi*, nnd 
tli--n corcriiig th'' trench over with the ncavatnl soil. This i< nn 
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excellent system where land of a snitable open character is arailable, 
and it is carried oat most snccessfiilly at the Birmingham Sewage Works 
and many others. 

Cremation is adopted at Ealing, Bolton, Huddersfield and Wimble- 
don : the sewage is prccipiUted by lime, the sludge is partially dried 
in lagoons and has then mixed with it an equal bulk of ashes and house 
refuse. The mixture is then dry enough to be easily handled, and is 
burnt in a refuse destructor in conjunction with dry house refuse. The 
refuse collected in the town of Ealing is siifiicient to consume the 
whole of the sludge produced at the sewage works. 

Drying in Lagoone is the system which is often adopted at works 
where suflicicnt land is available, and it is without doubt the least 
satisfactory method, its only merit being cheapness. 

The sludge, which contains usually about 90 per cent, of water, takes 
months to diy to a sufficiently stiff consistency to be dug out, and it is 
then difficnlt to dispose of, as its manurial value is so small that 
farmers and market gardeners will not cart it away even if no charge is 
made for it. 

There cannot be a doubt that the large expanses of putrefying matter, 
the homes of countless bacleiia, which are found at many work®, are a 
menace to the health of the surrounding districts, and the Sanitary 
Authority which adopts such a system cannot be said to have dealt with 
its sewage problem. 

Drying In Prepared Beds is a great ndvnucc on the lagoon system 
and involves very little extra expense. The beds may be of very simple 
construction, as they need not be made watertight. A thm floor and 
sloping sides of concrete arc quite saflicient, and on the floor should be 
laid n system of drainage made of land tiles ; tbe pipes c.m be covered 
witli gravel or clmkcrs, and on this should be put about six incbes of 
Gnc ashes or clinkers. 

The sludge should be run into the beds to a depth of C to 9 inches 
and allowed to drain. The diring process going on by drainage as 
well as by evaporation is comparatively rapid, nnd the sludge can be dog 
out and carted away to spread on land in the coarse of a few days. 

The effluent draining from the beds can be irrigated njion land 
at a lower level, or in the absence of this must be taken back to the 
sewers. 

Pilter Pressing is the most approved system in racst cases and is 
adopted on a large scale at Bradford, liceds and manv other towns, the 
co*t varying from Is. Cil. to 2#. Ci/. per ton of cake prodneed. 

Sludge precipitated with lime nsoally requires additional lime to be 
added before prcising, amonnting to from i per cent, to 1 per cenL Ly 

T y S 
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weight of the wet sludge. Septic tank sludge is very difficult to press 
and requires from 3 per cent, to 5 per cent, by weight of lime to he 
added, and even then the cakes arc not satisfactory; the pressing process 
is slow and the wear and tear on filter cloths is exccssivo, 

A filter pre^s consists of a numher of narrow cells held in a suitable 
frame, the inteiior faces being provided with appropriate drainage 
surfaces cotimumicating nith an outlet, and covered by n filtering 
medium, generally jute or hemp canvas, or other suitable material. 
Tlie interiors of the cells so built np are in communication directly with 
each other, or with a common channel, for the introduction of the 
matter operated upon, and as nothing intioduccd into the cells can find 
an exit witliout passing through the cloth, the solid matter fills np 
their interior, the liquid leaving by the drainage surfaces. The cells of 
the machine me subjected to pressure, which increases ns the opera- 
tion goes on. TIic cells must of necessity be made mechanically trne 
to the outer touching surfuces, bo as to prevent the material opcnvtcd on 
escaping ns the picssnrc increase*. 

An elevation of a filter press plate, and a section of tiuve such plates 
as made by Johnson, arc given in Figs. 1 nml 2, Plato LX. They 
may be cither circular or rectangular in shape. 

The armugement of plant, Plate LX., is c.apabto of dealing witli 
the fihulgc (ahont 30 tons daily) from a population of 80,000, com* 
pri.sing the following appiralus : — Air compressor, air accumulator, two 
fludgo fiUor pre.^es, 3 feet diameter; two sludge forcing vessels with 
their fittings, and the various distributing pipes for sliulgo and air ; a 
tip-truck and Inunwuy for the removal of the pressed cake discharged 
from the machines. 

Thccr'xt (ifpuch a plant with the reijuisUc boiler ]>owcr (about 10 
horso-jiowcr aotunl) is nlwit XJ.OOO. Thirty tons of wet sludge can bo 
easily pressed into cakes containing r>0 per cent, of moisture, cfiualling 
C loji«, or onc-firih of the original bulk, consisting of five chargta from 
each machine, of 12 cat. each in 10 hours. 

In iKcds with a dry weather flow of 171 million gallons of sewage 
prccipit.'jtcd by nuniis of .VC grains of lime jJcr gallon, reducing Iho 
suspended solids to f» gmins per gullon, there is an nvemge produc- 
tion of Ions of wet sludge jKir day. This quantity Is dealt with by 
tight prr«s'-s of l-toii rapacity each, and the procluction of sludge 
cake is IBii lon^ ^tcr day containing al»out hS i>er cent, water. 

The fo't of the oj'cmtiojj, delemiinotl from actual work extending 
over two jiar^ at Covtutrr, umonnls, with nil cxpoiisrs inclmlcd, to 
Cil. j»^r ton of \Ti.i sludge <»r 2s. Cd. ivr ton of prc«''ed c:tke. 

Til'' ftrrniigrmcni ndoptctl nt Wimhleslon S’wage lVork«, by which 
the shj'lge is nm off from the s' Itling tank into the sludge rtservoir, 
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from which it grayitates into the iron receivers, each of which con- 
tains one charge, is shown in Plate LXL (facing p. C94). A small 
quantity of lime, varying from 34 to 5 per cent, of thc’volume of the 
sludge, 13 then thoroughly mixed with it, and air at a prcssuie of CO lbs. 
per square inch is applied at the surface of the sludge, by which it is 
forced up tlic dip pipe (see Plate LXL) and into the presses, where 




Fio, 4'JO.— Jlaulovf, Alliott A C«.’8 Filter Press (Oren). 


the separation of the liquids from the solids is clTectcd. The operation 
of /illing the press and removing the sludge cate takes about one hour. 
By this arrangement every five tons of wet sludge, contoining about 
90 per cent of water, can be deprived of the bulk of its moisture, giving 
a residue of one ton 
of hard-pressed cake, 
containing 00 per 
cent, of water. The 
cake so obtained is 
easily handled, is 
practically iiiodour- 
ous, liecomcs air- 
dried rapidly, and 
docs not again enter 
into fermentation. 

To reduce the water 
in the cakes, they 
may be loosely 
slacked on racks in 
a shed open to the wind, but seenre from rain ; or tliey may be dried 
upon drying floors, in kilns: sncli a process however, mcrca'cs the 
co«t, and is seldom resorted to. 

Messrs. JIanlove, Alliott A Co.*s filter press (Figs. 490, 491) is of 
recent design, and po«.«cs«es some improvements, the chief cf which is 
that the wheel to be worked by hand is superseded by a small cylindir, 
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the piston of wliich is worked bj compressed air, which it is c 
economises time in opening and closing the press. 

There are several other makers of sludge presses, such as Jlr. 
irolsteuholme, Messrs. Goddard, Massey & Warner, Asliton Frost 
and others. 

Johnson & Hutchinson’s Eatent Pneumatic System. - 
patentees have devised a system of operating the whole o 
machinery in a sewage woiks by means of vacuum or compressi 
and by combining an oil engine with a set of high and low-pr 
compound air pumps and vacuum pump, uniting all m a 
machine (Plate LXII.) opposite. A low-pressure air service fro 
low-piessure air pump is employed to work the various chemical i 
for the treatment of the sewage and the liming of the sludge o 
principle of their patent pneumatic mixers. High pressure comp 
air is used for forcing the sludge into tiic sludge presses, as has hil 
been usual, and by the employment of a vacuum arrangement 
dispense with the use of sludge pumps, making use of the pneu 
forcing receivers as a substitute. The patentees claim that the I 
mission of power is of the simplest character, being of simple pipe 
valves. There are uo machine moving parts, and ns a losulb the 
and tear is reduced to a minimum. The manufacturers are M 
S. H. Johnson & Co. 

The Lifting of Sludge may be done by ordinary pumps o 
pneumatic pressure. Very wet sludge can be pumped by a centri 
pump, but plunger pumps arc better io ordinary cases. Air prcssi 
by far the most reliable method and gives less trouble than any ( 
system and should be adopted when installing biter presses. 




Plate LXII. 


SWAGE DISPOSAL WORKS FOR A SMALL TOWN. 
Hutchinson’s Pneusiatic System. 






CHATTER XIX. 


UKSUIUPTION OF EXISTING PUIIIFICATIOX WOEKS. 

SouTiiAMWON Skweragk (Plate LXI 1 1., r. C‘J8). 

TitE general arrangcmcnls of the new scheme for Soalliampton nre 
ilUistraU'd m Plate LX 1 1 1. The engineer \n« W. 11. G. Ilctmclt, 
JMnst.C.E. 

The comliincd area of the town over which thc^c new works estend 
U acres, <li\ ided into dj«lncl8 as follows 

Acre*. I’pj’uhtion. 

Eastern district MIJ l.’p.ooo 

Central or platform district ir»,000 

Western districts, which include the districts 
of Shirley and rfccmaiillc nod part of 
Millhrook added tn the Itorough m 18?, 'i ... I.Pf-il l’.'»,0o 0 
The Xorilicrn District, PorL«wood and llcs<»isT"wn, are n< I inclinhtl 
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direct to two of Plionc’s ejectors, installed in n cliambcr below the floor 
of tlic tanks 5 these ejectors raise and diechnn?o tlic Bliulgc into a chamber 
in the jtre«.s honsc, nhere it is Ihoroughl): screened and treated with 
milk of lime before |ns-sinj» to reservoir? in which it is nllowetl to 
jiu-cipitate, and the lop water drawn ofTby floatin" i\rm«, after which it 
is di«eharccd into two ejectors workin" milomatically, and continually 
forein" it into three fewa"c sludge presses, under a pressure of CO llw. to 
the S'|Unrc inch, which is found Rufllcicnt to produce a good cake sitis* 
factory to ag^it•uUuri^U who pnrcha>c it at l ’ s . jut cart load. The 
water drawn off the slinlgc falls hack into tlic sewer, and is rcmitteil 
to the tanks 5 the clarification of the sewage is found to lie enhanced 
when this op.’ralion is in jirogrc'^s. 

The fcalctl sludge mam and valves previously refetred to, are placctl 
In a Bnhwny between llio tanks, an arniiigemciit wliicli afTonls ready 
nccc-s to them at all tiiiifs without delaying the process 5 abnc Ihcsnh* 
way tlio sewage inlet channel is eonstriictwl from which over weirs con- 
trolled hy ifcnvitfcks the sewage falls into the tank compirtmciils. In 
the diM'Hiii walls oierflows are amitigtd at levels which J'cniiit of the 
fcwage U'lng iri'ated either by the continuous or tihsolnle rx*st sy»tcm. 
The inlet channel is decked over, fonniiig a walking way, and njion 
cither side of the fame arc placed the hand wheels of the js'iistocks and 
salves, thus giving the tank attendants c(>mm:iiid over the whole senes 
of wmiiarlmenls. 

This jKirtion of the scheme incliidis main engine house and pump 
wells; jrnstock, Fcr<.-cn chamKrs, mixing culvert and florvs; installa- 
tion <‘f engin'-s and machimry; air oiinpre^'ing engine hou*c and 
rlndge press lion-e. 

The fiiimji wells and screen rhanibtr*, which are in dnpliciilo, hive 
l»eii carricil down tii a d'-pth of t*7 f*it Ir-dow the floor of the ingiiic 
hon«»*, in {'{alTunl-hirv blue brick in erment, lotkeil with I’ortinnd 

f-f t?u fit rvint-rrl/* 
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from which the pumps lift the sewagenfter scrccninj' 20 feet, and deliver 
it into the mixing culvert on the north-cast side externally, where the 
chemicals are added. 

The re-agent at present nsed is aluminofcrric in block, bnt the exact 
nature and quantity of chemicals to be used when the whole volume of 
sewage of the borough is received at the works is under investigation 
and in the experimental stage by the borough analyst, ilr. J. Bricrly. 

The mixing culvert has a double invert with sharp falls, the rererse 
ways and three steps ; by this arrangement the sewage is caused to race 
and tumble before entering the condait leading to the precipitating 
tanks. Provision has been made for fixing in tliis culvert two steam* 
driven rapid mixers, but np to the present time the incorporation due to 
the racing and tumbhug, supplemented by the ^eloclty of tlie discharge 
from the pnraps into the cnlvert, has been eflcctiial. 

Installed in the engme house .arc three compound condensing 
Worthington sewage jiumping engines, each with four steam cylinders, 
namely, two high and two low pressure, arranged side by side ; tlie 
raUe gear is so adapted that in operation the piston rod of one side 
moves the steam valves on the cylinder of the other side, the action is 
reciprocating, and the flow of the snetioa to, and the discharge from 
the pnmps, is uniform and constant. 

The pnmps are of special conslmction for pumping sewage, their 
valves and general arrangement of pump work such as is most suitable 
for that purpose. They are internal plunger pumps, double action of 
both suctions and delivery, and consist of two distinct plunger chambers 
.'irrangcd in one pump case, with the plungers coupled direct to 
prolongation of the piston rods ; each engine and pump is CMp-ablc of 
emptying the wells at the rale of 2,300 gallons per miiiutc ; one is 
sufficient for the night work, two being required during the day, and 
the third to meet emergency. 

The maximum quantity of sewage lifted from the districts at 
present dischai^ing into the welis has reached 2,781,000 gallons in 
twenty-four hours ; a daily record of the duty performed by the whole of 
the machinery at these works is correctly kept by the superintendent. 

The air-compressing engine bouse contains a pair of horizontal 
condensing steam engine compressors, with air cyhndcrs 20 inches in 
diameter by 24 inches stroke, arranged so ns to work cither indepen- 
dently or coupled together, each of the compressors being capable of 
doing the whole work if necessary. 

This plant is used for operating at the present time nine Sbonc's 
ejectors, located in various districts of the town. 

The greatest distance air is transmitted from the works is nearly 
two and a-half miles. Tlie maximum pressure these engines have been 
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required to supply for the present works is 30 lbs. to the square inch, 
and the steam pressure 40 lbs. 

For the sludge pressing a pair of compressors have been provided 
and installed in the same building capable of supplying air at 90 lbs. 
per square inch. These are of the same type as the others, but with 
air cylinders 9 inches m diameter by 14 inches stroke, also arranged to 
work coupled together, but each is capable of doing the maximum work 
alone when necessary. 

The sludge press house contains three square framed filter presses, 
with space provided fur future addition, each press containing 30 
cliambei's, 38 inclies square, with couugations m the surface of the 
plates, wliicli aic iiruvidedwitlian outlet for the discharge of the filtered 
water fiom the sludge. The presses aic proportioned so as to be capable of 
woi king under a pressure fi-om 90 to 100 lbs per square inch, the capacity 
being 1 tun 8 cwt. at each operation per press. The jircsses arc proMded 
witli pucnmatic cylinders, and piston rods for opening aud closing them ; 
a tramway witli tiollies is laid to facilitate leiuoval of the cake. 

Tlic rccoid prcMously mentioned shows that the maximum output 
of c.ikc has reached 18 90 tons from 94 60 tons of wet sludge per day. 

The sludge before pressing is dosed with milk of lime prepared in 
two Ilowcs-Scott lime miters fited in the press house, and driven by 
n small steam engine ; the lime is supjiHed in powder and fed into the 
miters Horn an adjoining store in regulated quantities by nsmallcndlcss 
chain elevator. From the luLtcrs the milk of lime flows into two 
liojipers connected iiidcjiciidcntly to the sludge inlet pipes of the ejectors 
before moiitioiicd, the operation being tliat upon cither ejector diawiiig 
a clmrgc of sludge from the resen oirs a dose of milk of lime is 
admiiii'tered at the same time, and the combination ejected into the 
pre«'cs 5 so soon as one press is fully cliargcil the attendant ditcita by a 
hand vahe the flow into another. The cjectois, being automatic in tlieir 
action, greatly flicilitatc the process. 

The time occupied in charging, pressing, and removing the cake 
dots not exceed 40 minutes and the pneumatic cylinder fur opening 
and closing the jircsses is found to woik with great acharitagc. The 
quantity of lime used at e.ich pressing is found to Ihj 70 lbs. 

The stiain rcqnireil for the o|*eration of the various engines is obtained 
from tlie ref(i''e de>triicior of 10 cells adjoining the pnnipiiig station. 

Tile m.im inurniitiiig sewers follow nearly the line of contour round 
the (:i'-t«.rn. ^niitlitni, and wistcrn fnmts of the town, and arc delineated 
on riati l..\! 1 1.. itnd refertnceil luukr tlie lettcp>, Jl H II 15, 

CCC, III) HI) I). 

The chiif sewi r« are of tlie following dimensions, starling from the 
rump Wills 131’. yards of I feet 0 inch by 3 fict i’gg*.“iiajnd ; 117 
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y.ircls of 4 feet by 2 feet 8 inch c^»8ha|)ed ; 42C yards of 3 feet C inch 
by 2 feet 4 inch C"g-shapsd ; 130 yards of 80 inch Ilassall’s double- 
jointed pipes on concrete ; 7C3yardsof 24 inch Ilnssall’s double-jointed 
patent pipes on concrete ; and subsidiary to the before-mentioned, 
1,300 yards of 18 inch, 15 inch, 12 inch, and 9 inch. 

As far as possible the old sewers have been retained as rainfall sewers 
and they have been supplemented by additional new rainfall sewers, all 
of which discharge above tide level by gravity, except at the platform 
whore the old tanks are letalncd for the storage of the rainwater during 
tide lime ; and the discharge is also assisted by an ejector. 

For the drainage of the western district towards the new disposal 
works a new intercepting sewer D D has been constructed ns 
follows : — CCC yards of 3 feet 0 inches by 2 feet 4 inches cgg-slwped brick 
sewer, as before described ; 510 yards of 30 inch cast-iron pipe, and 820 
yards of 27 iin-li cast-iron ptjMis laid on n bed of concrete ; 500 yards of 
the work is in tunnel under a higher portion of the town, commencing 
from the Western shore, 100 yards south of the Public Baths, and 
proceeding across in an easterly direction to the lower ground. 

A portion of this district beyond Shirley and Frecmantle, 082 acres, 
was unprovided with means of sewerage or sewage disposal at the time 
of annexation, but under the scheme this has been thoroughly sewered 
and storm-water drained. Upwards of 4J miles of stoneware and cast- 
iron pipe sewers have been laid, consisting of 18 inch, 15 inch, 12 inch 
and 9 inch, the stoneware pipes being Hassall’s os before. 

As the levels of this district will not permit the sewage to gravitate 
to the one place of disposal, two of Shone’s ejectors of 500 gallons 
capacity have been put down in ca’^t-irou tubing (“ F ” on map), witli 
provision for additions ; tbis sewage is raised by this means and 
discharged mto the gravitating sewer, D D Z>., « Inch discharges into the 
new sewer at the West End Railway Station, 

Glasgow Sewage Works (Plates LXIV., IjXV., p. 704). 

The following description of the mam drainage undertaking of 
Glasgow has been compiled from informatioQ kindly supplied by the 
city engineer, Mr. A. B. McDonald, M.In6t.C.E., designer of the works, 
and has been checked by him. 

There are tlirec separate works dealing with the sewage of a very large 
urea within and outside the city of Glasgow ; they present an excellent 
ciample of well designed and managed works which turn out aneflliient 
cfBuniclont purity to be dischaiged without possible objection into a 
tidal river with from thirty to fifty times its volume of flow. 

. The territory included in the scheme stretches along both sides of the 
fiver Clyde for a distance of nbont 15 miles, the superficial extent of the 
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drainage area being 39 square milea. This territory may hereafter be 
increased by the inclusion of areas belonging to outlying local authorities. 

The volume of sewage and the proportion of rainfall to be dealt with, 
which originates within the indicated drainage area, and which will bo 
treated in the three separate works described, is estimated, on the ultimate 
development of the whole territory, at 250,000,000 gallons per day. 

The drainage area is divided into three sections, each distinct from 
the others, with separate works for the disposal of their sewage. 

The first of these is situated in the eastern district of the city, and 
comprises about 11 square miles, one half being within Glasgow and 
the remainder in the landward district of the county of Lanarlc. The 
works for the treatment and disposal of the sewage of this area arc 
situated on the river bank at Dalmarnock. 

The second or western section comprises the municipal area of Glasgow 
on the north side of the river, not dealt with at Dalmarnock, the biirgli? 
of Partick and Clydebank, and intervening parts of the counties of 
Renfrew and Dumbarton, the whole e.vtcut being 14 square miles. 

The works for the disposal of the Bcwagc derived from this area arc 
situated on the river bank at Dalmuir, about 7 miles below Glasgow. 

The third or southern section includes the wliolc municipal aica of 
Glasgow on the south bank of the river, tJie burghs of Rnthcrglen, 
Polloksliaws and Govan, as well os various residential and rural districts 
in the counties of Lanark and Renfrew. The extent of this section is 
14 square miles. 

The works for the disposal of the sewage of this area were originally 
intended to be situated on the rir’er bank at n place named Brachcad, 
about 1 mile eastward from the buigh of Renfrew. It having been 
found later on that this site would conflict with the policy of the 
trustees of the Clyde navigation, it has been orranged to place the works 
at Sbicldhall, nearer the city. 

The collecting and intcrcopling Bcwers which connect with the 
Dalmarnock Works ore ail constructed, and have been in Bucccssrul 
operation since Hay, 1894. 

The daily volume of drj-wcatlicr sewage treated there at the present 
time is about 10,000,000 gallons, which, when the locality is fully 
developed, will he increased to 20,000,000 gallons. 

The daily volume of dry-weather sewage to be ultimately treated at 
Dalmuir is 49,000,000 gallons, and the correspondiiig volume at 
Sliieldhall will be 47,000,000 gallons. 

In addition to the daily dry-weather flow of sewage an amount of 
rainfall cf|uivalent to i-inch per day will be conveyed in tlieso sewers, 
making a total of 210,000,000 gallons of combined discharge at Dalmuir 
and Shfcldhall. 
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Regulating valve? placed in tlie main pctfcr* control the admission of 
this proportion of tliorainfnll ; any excess |>!V*sing to the river by means of 
the onlinary sewers ns nt present. When nnnsnnl conditions ncccssitato 
the a<lmk«ion of a larger volume of rainf.ill special arrangements are pro- 
vided on the main sewers nt convenient intertills for relief of storm.watcr. 

The method of purification adopted is the same in each of the three 
works, viz : chemical precipitation. At the Palmarnock Works the 
purified tank cfllncnt was originally passed Ihrotigh coke filters, hut the 
use of these lias for some lime been discontinued. 

The following particulars refer to the Dalmamock Works which are 
illustmtcd on Plate LXIV., p. 701, but with certain modifications ore 
applicable to the Dalmuir and Shieldliall Works. 

The sewage on arrival at the Palmarnock Works flows into two 
catchpits, each of whicli is 47 feet 10 inches Ion" by 20 feet broad and 
10 feet deep. The bottom of the catebpits nt tlic elevator trough is 
28 feet C niches below the floor line and slopes np to the end walls, thus 
enabling the soft materials to gravitate to the elevator trough, the 
bottom of which is S3 feet C inches below the floor line. The solids 
are here raised by the elevator buckets into a railway waggon on the 
floor level. Each catchpit can be worked separately as may be required. 
The sewage, freed in this manner from heavy matters, flows from the 
catchpits into a 10 feet channel on the cast side, leading to the pump 
well, the depth of which is 31 feet 1 inch below floor line. 

The suction pipes from the centrifugal pumps are led down to 
within 15 inches of the bottom of the pump well. The water is raised 
through these into a 3 feet 9 inches cast-iron pipe placed against the 
south wall of the pump-room, through ivhich it flows into the mixing 
pit, where the chemical ingredients arc introduced. 

The sewage received at Palmarnock Works is of a very complex and 
intraclnhle character, consisting principally of indnslrial refuse carrying 
suspended matters that vary from 20 to 1,000 grains per gallon. The treat- 
ment of such sewage is a matter of noordinarjdilllculty.and the proportion 
of the chemical ingredients iiiidergocs frequent change during the day. 

Sulphate of alumina and lime are the precipitating agents used, in 
the proportion of 2 of alumina to 1 of lime. The quantities used vary, 
as has been said, according to the varying character of the sewage. 

There is one 24 inches, two 18-incli and two 15-inch pumps with a 
total of 530 horse-power, capable of raising 2,000,000 gallons per hour. 
Two C-inch pulley pumps on tlie east side of the pump-room discharge 
the sewage into tlielime mixers placed over the slndge tanks. This liquid 
is used for making milk of lime and dissolving the sulphate of alumina. 

These pumps are driven from the main line of shafting which is worked 
from the engine-room, where there are two pairs of compound condensing 
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engines, each of 120 horee-power. The precipitated sewage water is 
used for the condensers. Tliesc engines drive all the shafting. There 
are two dynamos, either of which can supply light for the whole works. 

The sewage is delivered at the mixing-pit, which is 10 ft.xlO ft. 
X 8 ft., with a centre tongue going down to within 3 feet C inches fiom the 
bottom : the sewage mixed with the chemicals passes under this tongue 
into an outlet channel 8 ft. x 3 ft. 6 in. leading to the feed channel of 
the precipitation tanks. 

There are four large tanka worked on the under-surface continuous 
flow system. These combined have a surface area of 15,602 sqiiaie 
yards, and a capacity of nearly 5,000,000 gallons. It has been found 
that over 5,000,000 gallons can be satisfactorily precipitated for every 
million gallons of tank capacity. There are also eighteen smaller 
precipitation tanks each 100 ft.x50 ft. with a storage capacity of 
34,200 gallons } these were originally worked intermittently, but have 
been altered, and now work on the under-surface continuous flow system. 
The clear effluent is drawn off from the tanks by water drainers. 

The lesidual sludge is drawn fiom the piecipitation tanks by 12'inch 
disc valves into underground conduits varying in size from 8 feet 8 inches 
to C feet G inches with a fall of I in 400 delivering into a sludge tank 
below the sulphate of alumina room, at a level of 17 feet 4 inches below 
the floor line. 

The liquid sludge Is laised fiom this tank by a 6-iacli centrifugal 
pomp into three sludge settling tanks and allowed to precipitate. 
■When 50 per cent, of the water has been run off into the pump-well 
the precipitated sludge is drawn from these tanks into another tank 
46 ft. X 40 ft. X 23 ft. below the floor-line under the lime mixing-room. 
In the north-east corner thcic is .a low-pressure sludge ram 29 feet 
below the floor-line capable of holding 1,800 gallons, through which 
the sludge is raised by compressed air into the two sludge mi.xers at the 
east wall of the Hme-roora. Here hot lime is added to the sludge to 
facilitate the piessing. 

In the lower floor of the sludge receiving-room there are four high 
pressed rams, each holding 900 gallons. The sludge runs from tlie 
mixers by gravitation through a G-inch cast iron pipe into these rams, 
from which it is raised by compressed air at 100 lbs. to the square inch 
into the sludge presses. When this air has blown the sludge flora the 
high pressed rams it is transferred into the large low pressed ram in the 
north-east corner of the sludge tank, theieby effecting a saving of fully 
80 per cent, of compressed air, by laisiug sufficient sludge into tlie 
mixers to again re-chaige the high-pressed rams. To duplicate the 
high-pressed rams there is a horizontal duplex pump with 11-inch 
cylinder, 7|-incli pump, 10-inch stroke, capable of discharging 00 tons 
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p/ic hour of crude sludge against 100 lbs. pressure. This pump can 
draw direct from tlie sludge vrcll or from tlie sludge mixers. Tbo air 
is compressed by two bigli-pressure engines, and tliere is also a duplex 
steam pump for feeding water into tbc boilers. 

In the press room on the top floor, there are 15 sludge presses, seven 
of which bold 25 cwts. c.ich, and five 32 cwts. eacli, when fully charged, 
makmg a total of IG tons 15 cwla. of pressed sludge calce each jound of 
the presses. This sludge cake is dropjicd through shoots in the floor into 
railway w.aggons placed iramedialely onderncath. By passing tbc sludge 
cake through a patent drying machine, the moisture can be reduced to 15 
percent. It is then passed through a 7-feet mill with a perforated bottom, 
prior to being filled into bags, or loaded direct by elerators into railway 
waggons. This product is called “Globe Fertiliser Sewage Jfannre." 

The pressed sludge contains about 60 per cent, of moisture and the 
“Globe Fertiliser” about 1C per cent, of moisture. These products 
are loaded direct into railway (rucks and despatched to farms whererer 
there is a demand for them ; at other Ifroea they are stored on the works 
or sent to the corporation farms. 

Tlie population draining to these works w.as estimated at 290,000 in 
1007. Tlie total area of the site of tbc works is about 28 acres of which 
19 acres arc at present la use. The land cost £35,402 and the buildings, 
tanks and machinery cost £101,257, making a total of £136,719. 

Table No U7 glrcs p-articwlars for two years of the work done at 
tlio«c work«, the population draining to the works in 1 903 heiti" 27G,000 
persons. “ " 


TABI.B 117 


I 

loU—likij 1 

l'«)i— 1903 

T<'1tI ilc.dt \rith I 

.S'ln^c ‘Inly j 
A'cta.K o.'t ui clicniicnU 1 

Cniilc ►lu.Uc cxtrseicil by j 
I'nxiH’iiaiion j 

1 .•'ImIffcnVc fn’tn fiKcriirc^cs j 
j >}uil..‘o faiv\l br 1 IviiK'T* j 

U.fi'.iwr, ^ 

iO 1(1 3J, 1 

2211.752 tons. 1 

Toni CwU 

ai.ioi IX 
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r., 2 ’ 0 ,f,*,s,ajc gallons 

*.0 s 

2u0,U0 tons. 

Tont c«t« 

31 tie It 

1..11I) i 

3J,r-.y IS 

T>'taIr.ilKN . 

S1,1'U3 11 ' 

IV on nl wiMlt 

S'Ul «< niaiiurv by Mwxge 

Ma«^f«clBr^^l inii) ‘'eJl'W 

1 rriili,<r ■' 

K>jvalrlir.I by niij tn irfOM: 
*-i« 

Ton* 

3,11.0 i 

tcfit: n 

IC 

ii.w ir 

lU’ll 7 

S.l^T 4 

• 1 1 


Sl.l-'C II 

18 
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Table 118 gives the cost of dodge pressing for the same two 
years. 


table 118 . 


— 

IDOl— :D02. 

1902—1903. 

Cost of pressed sludge cate.. 

Cost of sending sludge cake to tips inclnd- 
ing hire of sewage department waggons . 

Ter ton 

£ t a. 

0 2 52j 

0 1 lA 

£ t. a, 

0 2 3fj 

0 1 OjS 


Table 119 gives tbe working expenses per raiJlion gallons of sewage 
treated. 


Table ns. 


— 

1901—3902. 

1902—1903. 

Pumping . . . 

Precipitation, including chemicali 

•Filtration, including coke 

Sludge pressing 

Sludge to tips 

£ $. a 

0 11 8» 

0 18 2'^ 

0 1 11^, 

0 IJ 3A 

0 1 lOi 

£ s a 

0 U 3* 

0 14 0^ 

0 1 

0 IS 8fa 

0 12 


£^ 1 llA 

£2 S 7", 1 


After careful deliberation and much patient inquiry on the part of 
the sewage committee and their advisers, it was resolved to adopt at 
Dalmnir and SliicMhall thesaine method of treatment as had been proved 
successful at Dalmarnock, with this exception, that the sludge presses 
which by compulsion of circumstances at Dalmarnock Works aie 
employed there, are dispensed with, and the piecipitatcd sludge, without 
undergoing pressure, is carried out to sea in a specially constructed 
sludge steamer. The cost of lecovcring and despatching this sewage 
sludge to sea, a distance of 40 miles, is 2|d. per ton. 

The sewage works at Dalmuir wcie opened on 3rd Jlay, 1904, and 
have been in continuous working since that date. 

The southern works at Shieldliall are not yet completed, and it is 
probable that the whole sewage intended to be treated there will not be 
connected up until 1910. When these works aie installed an additional 
steamer will be needed, but it is claimed that experience will prove that 
the complete undertaking, which, next to that of the London County 
Council, is the largest in the world, will be rooie economically carried 
on than any other. 

* Iho part of the process has since been abandoned. | 
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KiNfi<To;.-oN'*TirAMi.s Skuagi: Woiiks. 

Tlic A.B.C. Fvslcm i< in oj>cration nl these work*. The feature of 
this futem is tlic coinbliintion of certain nalnrnl substances winch it is 
claimed when nddctl to town sewage deodori«c and pnrif)’ it, precipitating 
its impurities so ns to Icarc the cflfacnt water in n fit condition to flow 
into ordinarr rivers and the precipitated deposit a valuable manure. 

Tlicsc substances arc principally : — 

Clay, 

Carl>on, 

Illood and 
Falls of Alumina. 

.‘Should llic sewage be too acid, some alkali would l>c n«ed to 
neutralise it. Fbotild it be too alkaline, n little acid is added. These 
substances ore used in tlie following manner : I’lrst tlic sewage is 
treated with a trilnralcd rniAturc of clay, cjrhon and blood, wliicli 
at Kingston is added to it in the pump>wc]] before il is raised to tlic 
tank level. It is considered preferable to add lliis mixture to the 
sewage at the earliest |>ossible stage after it reaches the works. These 
substances together net as deodorants and purifiers. Subsequently a 
solution of oluniina is added in (he chnnue) leading from the pump 
delivery to the tanks. The exact pro|>ortions in which these substances 
arc mixed and added to the sewage vary with ilie strength of the latter, 
but the average iiroportions may l)c inferred fioin tlic following figures 
for the materials used at Kingston : — 

Clay, carbon, blood and Salts of Alumina ... Giaiiis per gallon, 50. 

When the sewage tlius treated passes into the seltliug tanks precipi- 
tation occurs, whicli not merely deposits the grosser su'-pended matters 
but a large proportion of the dissolved impurities which have attached 
themselves, belli chemically and mcchauicaliy, to the clay, carbon and 
blood. The resulting tfllucnt water is rendered fit to be discharged 
into ordinary watercourses, and the tank precipitant is lu a condition 
for removal and conrersion into a portable manure, which is efll'cted in 
the following manner : — 

The precipitate in the condition of aludge, containing about 90 per 
cent, of water, is removed from the tanks into filter presses, which 
reduce it to a cake containing about 60 per cent, of water. The cake is 
further dried by artificial heat or otherwise until it contains about 
20 per cent, of moisture, after which it is bagged ready for use. 

The following information as to the Kingston-on-Thames Sewoge 
TVorks was supplied by Hr. Douglas Archibald, the manager of the 
works in 1907. 

These works were built by the Kingston Corporation, and opened in 
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1888, in order to carry ont the A.C.C. syctem of sewage purification 
oi^eratcd by tlie Native Gnano Company. They were designed by the 
Borough Suiweyor, Jlnjor Hncanlay. Originally intended for a popula- 
tion of 35,000, they ai-c being used with small additions np to date for 
a population estimated in 1907 as 58,000, made up as follows : — 

Kingston 41,041 

Surbiton 14,307 

Uamjjton IVick .. . .. 3,112 

58,4G3 

The average daily flow of sewage daring the five years preceding 
1907 was about 2,509,000 gallons, Avhieh amounted to an average of 
40*87 gallons per head, on the average population of 53,549 for the 
same period. From 1895 to 1901 it was only 39*21 gallons per head. 
The Kingston sewage, on reaching the works, passes into a screening 
chamber and through a grating, which intercepts coarse matter likely 
to choke or injure the pump«, and thence through a culvert to a pump* 
well under the main building, where it receives the “ B.O.," or deodoris- 
ing and purifying rai\turc. The sew.age tlms partially treated is 
raised about 12 feet by centrifugal pumps, of wliicb there are three, 
each driven by a 15-horse-|)owcr engine, and capable of lifting 1,G50 
gallons per minute. The puini>3 discharge into a mcter-cbamber, where 
the sewage is measured and Uic quantity registered. On leaving the 
meter, the sewage flows along an open channel to the settling tanks, 
receiving on its way the precipitating agents. Tiicre are eight tanks, 
each 85 feet long by 50 feet broad, and 6 feet average working depth, 
holding 150,000 gallons each, or 1,200,000 gallons in the aggregate, 
which gives a capacity of only 20*5 gallons per liead for the population 
of 58,403 or about half the daily flow per head. 

The treated sewage flows in a continuous stream through the tanks, 
precipitating as it flows, and passes thence through a Binall area of 
contact beds into a channel discharging into the Thames. The tanks 
are cleaned periodically, the deposit or sludge being pumped into the 
sludge-well by a Taugye-Holraan double-action jmmp at the rate of 500 
gallons per minute. From this well the sludge is firet drawn into six 
sludge vessels or accumulators by the creation of a vacuum, and is 
then forced by air pleasure, at 1001b. on the square inch into filter 
presses on the first floor of the building, from which it is removed 
in bard cakes. There aie three of Scott’s air pumps and sixteen of the 
Native Guano Company’s filter presses. The pressed cakes are dried in 
a Berwick’s drying cylinder (with fan and condensing apparatus 
attached), ground into powder, bagged, and sold as Native Gnano at 
£3 10s. per ton. 
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The Surbiton selvage is separately received and screened, and is 
pumped by centrifugal pnraiis throagli a meter into the Kingston pump- 
well. There are three pumps, each driven by an 8-horsc-power engine, 
and capable of lifting 750 gallons per minute. Two mortar mills are 
used for grinding the chemicals, which are then mixed in vats, and 
discharged into the pump-well ; and there are two vats for dissolving 
the precipitating agents. A small Woithington pump snpplics water 
from tlic river for the boilers, mixing the chemicals, etc. To complete 
and supplement the above, about 1 J acres of contact beds, varying from 
1 yard to yard in depth, were added in 1907. 

The chief feature of the tank process is the addition of a considerable 
quantity of charcoal and clay and a small quantity of blood while the 
sewage is in the pump-well, and subsequently a heavy dose of dissolved 
sulphate of alumina after it has reached the surface. The particular 
rCle played by each individual substance is not piccisely determinable, 
but their total etrect may be staled to be — (a) A purification as 
measured by the reduction in the albuminoid and oxygen figures of the 
raw sewage of from 75 to 80 j>er cent.; {h) an almost complete 
elimination in the tanks of all the suspended matter. The tank cilluent 
is thus peculiarly adapted for filtration upon an uDusnally small atca of 
contact or other filter bed. 

Until a few years ago this tank purification alone satisfied all the 
Thames Conservancy requtremciils, cveu above Teddington Lock. 
Since 1895 tlic Tlianies Conscivancy have raised their requirements for 
towns above Teddingtou Lock to a {loiut unattainable at all times by 
any tank process, and the Corjioration, m consequence, have laid 
donn about acres of cont.'ict beds, uliich, according to the cxjicri- 
meiit's with the lank efliuent made by the company, will, when filled 
with coke breeze, effect a fuilher purification of from CO to 70 per cent. 
The total purification on the raw sewage thus attainable with one 
contact therefore ranges from 90 to 9t jicr cent , and even then the 
complete works will only have cost 12#. jwr iicad on the po]inl.ilion at 
the time the contact beds were nude (1907). 

Tlic actual chemical condition of the tank effluent and tlic filtrate 
may Ik: gatlicrcd from the results of the pcicn and a half years 
(May 21th, 1898, to September 18tli, 1905) continuous working by the 
coinivatiy of their cxix;niiicntal coke contact filter (Table 12i>, p. 708). 

Tlie rate of working on the conijKiay’s coke filter during tlic al>ove 
j'criod varied from three to six fillings withio tlic twenty-four hours, the 
average for tlie whole jwriod being 3*82. 

Corresponding samples from a duplicate bed filled with clinker for 
722 days pne 21 |>cr cent, less purification than that effected by the 
coke. Owing to the nceptional freedom of the lank efliuent from 





suspended matter, there is no sensible loss in the water capacity of the 
coke bed — at most about 8 per cent, per annum. The area — 1-J acre — 
of the contact beds which have been constructed by the Corporation 
lias been based upon the c-vceptional rate at which, according to the 
company’s experiments, the Kingston tank elfluenfc can be passed 
through coke beds. 

Designed in 1898 for the flow at that time of 1,917,000 gallons 
per day, their area, with a uniform depth of one yaid, would 
have required 288 gallons per square or cube yard, or exactly five 
fillings per day on a 33 per cent, capacity basis, an unusually lapid 
rate of filtration, and impossible with ordinary tank effluents. Owing 
to the delay of eight years in their construction, the same filter area iias 
to accommodate an average of 592,000 gallons per day in excess of 
the original flow. In order to do this the Corporation have, in the 
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l>cr 100,000. 
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nrera^ of short [ 

27 

I'oO gmin 

OlUginiii 

70 p c 

penod, May 4tli, f 
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ber 4tli, lOol. ) 
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per gallon. 


course of construction, increased the depth of .five out of the sis 
filters from 3 feet to 3 feet 9 inches, by which the average flow of 
2,509,000 gallons per day becomes 312 gallons per cube yard, and 
can be accommodated by 5'5 fills per 24 hours on tlie beds. 

Unfortunately the filters have not been hitherto filled with coke 
breeze, and have therefore been nnable to be worked efficiently at such 
a rapid rate. In 1907 the Corporation decided to fill oue of the 
filtera with coke breeze. With this material and some little extension to 
suit the increased population the degree of purification, according to 
the exhaustive experiments of the company, ought to suffice to meet all 
possible icquirements. 

The guano, after emerging from the dry'ing cylinder, is stacked and 
sold in sacks, chiefly in the spring season. The entire year’s make 
(about 2,800 tons now, or 1 ton to every twenty-five poisons) is, on 
the average, sold within each year. Since the company began their 
working in 1888 the entire quantity made has been sold at the unifoim 
price of £8 105. per ton. Apart from the undoubtedly high proportion 




Salto::!' Siw^ag!: (I'ijitk J.XYU \v ?UV 

Tbsse ircrVs bare boea ar4 wtr'^v^ w'.J by Mr. iV^WJU 

CcTOScb Ecdse’cr, .^ril l<* him K'lorg^ the easht of ow^luj* s'«l the 
eariisst p;rwlaUoa srfieai oa a sv^xle in t)u< kvnnlrr. 'rhe ^orr\M 
arrangefficat of the wcr)r?i<$hownonn»se l.XVh.iv t'H. Tlu’l'ow^ 
is tlirwfold. iJt, Chemical I'rvvipitation hy ivniimiou^ (low in tniiVH, 
2nd. Sinining throngh gnw'l rowglmisr jtnh lhn'(»n.»l 

cation br aerated filters or 1‘Ctls, sn|*j*lH>l thnnigh ri\rtl j-in'iV) ‘jet*. 

About onc-fonrtli the total flow of sewage' eomoH in by ^•ln\llrtlton^ 
and tbrcc-fonrllisis pnmpctl from the mam inleiwptiiu; i-owen oliloh U 
laid near tiie river in its winding com>o tlmnigh the I'Oh'Ui'h, eo'ciini* 
below the river at three places, ttithouln'<juinngM|ihein,iiml i«eivliig l»> 
drain the land water. 

The dry weather or ininimnm daily flow of sewage fiom I he l«'i'oiigli 
population of nearly 230,000 is about t<,n(iO,U()i) giillnnit, of nliteli 
about &,&00,00u gallons lion bctnceii 9 n in. and p.m. and 
gallons between 1) p.ro. and 9 n.m. 

Tlic average daily flow is I2,00O,tHm t to Jl,imi),n(ni gnlluti*, ftiel tin* 
greatest flow piovidcd for is 32,000, nun gallons, or four fold the dry 
weather flow. 

Ofthe 8,000,000 gallons dry ncathcr flon, nhoiit l.OoO.ooOgulliMis urn 
domestic sewage (the o<tiinntcd quantity of (he nii(<r siipjily), nbxiil 
2,000,000 are liquid trade refuse ; nml the tiiimltdiig l.tOM.mm 
gallons arc from subsoil water, this item increi^iiig c')ini'l''riiMy in «h t 
weather. 
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TIjo nltimatc flow provided for, 32,000,000 gallonss, Is 189 gallons per 
head of the present population. 

The main intercepting sewer has n pump snrap 2 feet below its 
invert, from which a chain bucket dredger daily lifts any deposit of silt, 
by steam power, into tram trucks which convey it to the slndgo tanks, 
and so out to sea. 

There are three screening chambers, controlled by valves, each with 
an iron grating G feet wide and 13 feet high, with bars f inch apart. 
The nsnal raking apparatus is provided, worked by •steam power. 

The sewage then passes thronghn45-inch brick cnlvcrt to tbepnraping 
engines. 

Each of tlic three pumping engines has SO-inch suction and delivery 
pipes, separate throughout. 

Two pumping engines arc alike, each being n vertical compound 
engine, with 24J*inch II.P. and 40T*4-inch L.P. cylinders, connected to 
cranks at 90^ and with a double-acting pnmp at some distance below 
each steam cylinder, 31 inches diameter, oil of C-fooL stroke and working 
up to 17 revolutions per minute. 

(Originally made by Ifcssrs. J. Watts it Co., Soho Works, Birmingham, 
and greatly improved by local firms. 

In lOOG ft coutrifugftl pump and vcrtkftl compound laudem engine was 
added, made by jfessrs. Tangye’s Ltd., with cylinders 17 inches and 28 
inchc«,hy I2inch(8Strokc, and np to 194 revolutions jtcr minute j the fan 
is CO inches diameter. Inlet and outlet 23 inches diameter. 

Each of the«e three pumps, when in good condition, can raise 
10,000,000 gallons of sewage per 21 hours, tho gro'is lift being from 20 
to ."0 feel. So two engines can deal with fonr limes the dry weather 
fiow, leaving one engine iii reserve. 

There arc four Ftcam boilers, each 28 feet by 7 feet, of the Lancashire 
t\po, with Galloway lubes, worked at G1 lb«. j»rc'sure. Their furnaces 
arc fitted with slcam-jct forced draught to facilitate tho use of inferior 
fncl. 

The sewage when pnmpctl is delivered into a mixing chnmher at the 
tast end of the tanks, about 10 feet cul>c, with a mixing Fcrcw G feet 
diameter on a vertical shaft. Here is connected the gravitation flow, 
and tlic milk of lime precipitant it addctl. 

The quantity of pre-cipitnnts u'«l varies from lime to time and 
averages nlotit .’i ewts. of lime and .*• cwt.s. of cojip'ras jwr million 
gallons of sewage. 

There are sltiiec valves to provide for abve*pn*s fl-tw (during repairs 
etc.) of nil tho sewage along tli** gmvilntion channel to the west end of 
the tanks 5 hut the nMial flow Is ihroagh two tilt pits, one nl*ont 
feet, the other ft-et long, each It) feet wide and It feet decj', 
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each with an 18-inch vakc and silt discharge pipe to the sludge, 
tanks. 

Between the two silt pits is a weir, where the flow of sewage is ganged 
by an automatic recorder, and below this weir the dissolved salts of iron 
precipitant is added. 

The sewage then enters the central channel, 10 feet wide, about 4 feet 
deep, and 6o0 feet long, from which it is p.assed into the tanks on each 
side by large sluices. There is a system of largo sluices between tho 
several tanks, also outlet sluices to the tank eflinent channels, one on 
each side of the rangcof tanks, so that the flow can be run tbrongb all 
the ton tanks in series, or thiongb groups of five, three, or two tanks, or 
through single tanks in parallel, any tank being shnt olT, emptied and 
cleansed when required. 

The ten precipitation tanks have a total cap.acity of abont 5,000,000 
gallons, each tank being about 115 feet by 82 feet, and from 7 to 10 
feet deep. 

Tho tank effluent channels lead to a cross channel at tlic cast end of 
the tanks in which arc 20-inch valves for supplying each of the roughing 
filters, SIX in all, which adjoin this channel. Each roughing filter has a 
row of inlet holes along its west end, supplied from a chamber in tho wall 
below the cross channel. The floor is of perforated tiles on short legs, 
thus forming an outlet chaunel leading to an outlet pipe 20 inches 
diameter, controlled by a valve in the valve chamber; and from this 
chamber three 80-incli pipes convey the elTliient to tho aerating filters or 
bacteria beds. 

The roughing filter valves arc arranged so as to provide for reversing 
the current in any one of the six filters, and thus “ upward washing ** it, 
the washing passing to the sludge tanks or to tho sewer as preferred. 

Also for cleansing these roughing filters, each of the sit is divided by 
screen walls into three bays, thus forming together eighteen bays, uliich 
can be “upward washed'’ one by one. Each bay of about 105 square 
yards area has a system of air-blowing pipes fixed neai its floor, through 
which air is blown at a pressure of 5 lbs. per square inch tliroiigh 
4,800 holes of J-inch Iwiie, thereby disturbing the gravel and speeding 
tlie upward flow of the washing water. 

These roughing filters arc made of 3 feet depth of fine gravel 
between and diameter. They have to be “ upward 

washed “ and blown through once a day, or oficner when the flow of 
sewage is great. Their pnrpo<e is to remove matter in sn^pension and 
colloidal matter. 

The three 80-iuch pipes above mentioned are along the north of 
upper eud of the bacteria beds, with a 15-iuch branch and control valve 
to each of the fiflcen beds first constructed, and with an IS-inch branch 
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nncl valve to each pair of the beds subsequently formed. Tlic 30-incli 
pipes have also valves at their inlets, so as to control the bods in three 
groups. 

■\VIicn the first fifteen beds trerc designed in 1804 tliere was but 
little experience as to the durability of bacteria beds, bo they wcie 
arranged with a strong tram rail supported on cast-iron pillars at each 
31-fect width, each alternate line of pillars also carrying a light 
tram rail at 2-feet gauge from the strong tram rail, so that tram trucks 
of 2-reet gauge miglit thereby bring the filtering material to its place. 
A light portable bridge, with a turn-table, then carried tlie trucks 
across the width of a bed so that the material could be dropped exactly 
^\bcrc it was uauted. 

TJie strong mils were intended lo carry a machine something like a 
steam power travelling crane, by which the surface of the beds could he 
raked, or the material refilled into tram trucks and carried away for 
clcan«ingor renewal ulien rcqnired. 

The supply of clarified sewage to each bed passes through a Ifi-ioch 
pipe at the base of the cast-iron pillars, and each pillar forms n rising 
iimnch up to a horiz'-ntal pipe J inches diameter, fi.xcd above tlic surfaco 
of the lied at 10-fcct centres, with six spray-jets across the 31-fect 
breadth of hod?, each spray-jet serving an area 10-fcct by fj-feet 
2 inchci. The two forms of jet in nso arc the “Salfoid" and the 
Ilnrrifon and Gjers Patent j see Plates IJV., Figs. I and 2, p. CCS. 

In the later constructed beds tlic tram rails are omitted, and the 
supply pipes are carried above the snrface on brick pillars, with 3-incli 
branches right and left so as to cover a double bed of f.2 feet breadth. 
All the distiibuting pijKis have emptying valves and pipes lending lo n 
sewer, to avoid risk from frost when resting. 

The filler floon arc of concrete, w ilh culverts at 02 feet spaces for 
con\c>ing (lie filtrate to the 4-foot final outfall culvert at the south end 
of the iH'di. The concrete floors arc covered with perfurnted tiles on 
legs I inches long, so ns to provide ample ventilation below the led*. 
The earlier Wds have >cntilatc<l manholes at cneli end of each ciihcrt, 
and the later beds hn^c vent slmfls through the brick ])ier8 carrying 
tlitir mjiply pij»es ; they have also ojicn sides allowing free nir-wny to 
or from tliiir rnl«til tile floors; but the earlier U-ds are cnclo«C(l with 
wall*. There arc no dividing walls between the adjoining beds ; they 
form nally one conlimiotis hulk. 

The filtering material is crashed cinders nml clinker*, from nbont 
-j*£ to I inch in the earlier l)Ccl«,nnd from J to itichc-s in tlic Inter li'.'<l*, 
with fomc coarrer nntcrinl at the liotloni. Thirteen of the earlier Ik’iU 
are Tr feel di<j>, two arc 8 feet, and the newer ones arc nlxjiit 7fi*l 
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OniDg to tbesc beds Laving been worked for several years before tbc 
roiigliing filters were completed and provided with cleansing apparatus 
there is much more clogging of the beds than was expected ; but after 
they have been once thoroughly cleansed it is expected that they will 
require but little renewal or cleansing in future years. Tlieir surface is 
raked by hand labour each few days. 

The ppray'jctR, when working under the full araf).ible head of about 
8 feet, deliver at the rate of 50 gallons per square yard per hour, or 
1,200 gallons per twenty-four hours if run continuously. There arc 
30,000 square yards of beds, so that e.acli hour’s flow of all the spray-jets 
will discharge l,050,000,say 2,000,00(i gallons, .‘'o with the minimum 
or dry weather flow of 8,000,000 g.illons per day, caeli bay must be 
worked about four hours and rested twenty hours ; .anJ with the maxi- 
mum flow pioYidcd for, mz., four-fold the mmitutim flow or 32,000,000 
gallons per day, each b.ay mu«t be worked sixteen liours and rested 
eight hours j Init tbc working hours can !>c extended if desired by 
chocking the flow by the control valves. 

It lias been found bc.st to run e.acli bed for two hours and then rest 
it for ten hours or !cs«, according to the quantity to bo dealt with. 

Thus the minimum daily flow per square yard of bed is about 
205 g.illons, tbc average about :’.io gallons, and the maximum 
820 gallons 5 but this large flow will onh occur when the sewage is 
grcatl} diluted with rainwater 

As the beds nicragc 2 yards m dejitb, these flows are only, per 
cubic yard of medium, 1 m 3 gallons |>cr d.ay mmimum flow, if.,*, gallons 
nicrngo, and ilO gallons luaximum flow when dilute*! witli rain- 
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Then one length of pl|>e can be raised and the water run down 
2 feet above tlie outlet level ; and the flow along the subway channel is 
all this time turned into the main sewer. But when the second pipe is 
raised and the sewage sludge deposited on the tank floor begins to flow, 
the chanuel is connected to the glndgc tanks. 

There are two slnilge tanks, circular and saucer shaped, 100 feet 
diameter and 9 feet deep in the middle ; the two holding 3,000 tons of 
sludge. There is a supply channel around each sludge tank with holes 
through the wall to distribute the sludge. There is alsoasludge supply 
trough extending to near the ccntie of each tank. Fiom the centre of 
the tank bottom an 18-inch snetion pipe leads to the sludge pumps ; 
and also at the contic is a 6-inch skimming pipe leading to the sewer, 
and fitted with a telescope pipe ” and supporting float to skim water 
from near the suiTaco, whether the tank be full or not. Thus the 
densified sludge sinks to the bottom, and the separated liquid is passed 
to the sewer and so again through the tanks, etc. 

Between the two sludge tanks is the slndge pumphouse, witli two 
sludge pumps of “Tangje’s Special Pump” typo, each with steam cylinder 
10 inches diameter, double-acting piston pump 12 inches diameter, 
both 24*inoh stroke, running up to about tliirly-flve double strokes per 
minute : each pump delivering about 200 tons of sludge per hour. 
These pumps work very satisfactorily, even when dealing with sludge 
containing 20 or 30 per cent, of solid matter. 

From these pumps an 18-inch pipe, 200 yards long, conveys the 
sludge to the sludge steamer SaJ/oid at a wharf on the ship canal. 

This steamer is 170 feet long, 32 feet beam, about 11 feet draught 
loaded, and caivics COO tons of sludge in four tanks formed above the 
light load line so as to discharge through eight 18-inch valves and pipes 
through the bottom of the ship. 

The distance to beyond the north-west lightship off Liverpool is 
64 miles, or 128 miles the round trip ; and the steamer usually 
makes four or five trips a week, going with each alternate tide Her 
fastest round trip was made in about fifteen hours. The cost of 
disposing of the sludge in this manner is lOrf. per ton. 

The preparation of the precipitants, lime and iron salts, used for tlic 
sewage, is provided for in the lime house. 

A branch from tlie L. & N. "W. Ely. Co.’s dock line brings the lime 
tracks directly from the IIofTmau Kilus at the Buxton Quarries into 
the lime bouse, where the lime is stored for use. A workman fills 
a wliccl-barrow with lime, passes with it up a lift to a raised floor, 
tips it into one of the limc-slaking pans, and there it is dissolved. 
The nppaiatus is in duplicate to provide for repairs, etc. ; eacli set 
includes two slaking pans with revolving mixers and mixing pan. 
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When the pan of lime is slaked mon; ^ater is added, and it flows 
tbrongh a grid where stones, etc., are intercepted, and so into the 
miiing pan, which is like a mortar mill with two heavy rollers 
revolving in it, by which any nnslaked pellets of lime are ernshed, 
and thence it flows to the mixing cham'^r already described. 

The salts of iron nsed are a bye-prodnet from a local chemical works, 
very similar to ** copperas.** This is easily dissolved in cold water in 
two mixing pans, but steam pipes are also provided for nse if required. 

The water nsed is the tank efllaent, raised by small centrifngal 
pnmps. A dnplicatc conple of steam engines work the machinery. 

Tlie chemical laboratory adjoins the linic honse 5 here the resident 
chemist makes daily analyses of samples taken honrly, and mixed to 
show each day’s average of the erode sewage, the tank efllnent, the 
rongliing Alter eflluent, and thclioal flilrates from the different bacteria 
beds. The sewage sludge is also sampled and analysed. 

There are also on the works a smiths’ and mechanics’ shop, ample 
stores, offices, men’s rooms, weighing machines, etc., also the manager’s 
bonsc with a large committee room. 

The site of the works is acres in extent, and of this abont 

acres are still caused, and 2 acres are only used for gardens, etc., 
the octoal sewage works thus occopylng only loj acres. 

SrAKcnESTER Sewaoe Works (Pi.ates LXYIJ.--J,XIX., p. 710). 

The following infoi nation has been sopplied by Mr. J. P. Wilkinson, 
Sl.Inst C.K., the engineer for the works, and is corrected to Fch., lOOS. 

The scheme provides for screening and then pnrif,\ mg three volumes 
of the sewage flow by septic tanks and first contact bacteria beds, at 
Davyhnime ; tlie carrying from thcocc to FHxton of the partly pnrified 
cflluent and its further purification there upon second contact bcd«, and 
when necessary, its final treatment by irrigation upon land. 

The scheme also provides for the purification of the second three 
volumes of sewage (as stormwaters) by running it through detritus 
tanks, and then treating it u|)od stormwater beds at D.ivyhulme. 

Provision being Made. — The provision which will be made at the 
completion of the works will be as follows : — 

No. 1. At D.ivylmliiic 5 additional tanks which with the cxi«ting 
tanks will make IC, 4 to be detrilns tanks, 12 to be septic tanks. 
The sills of the existing tanks have been raided. 

No 2, 46 acres first contact beds in 92 beds at Davyhnlme. 

No. S. 27 acres stormwater filler beds at Davyhnlme. 

^^0. 4. Comlnit to carry first contact affluent from D.vTjhuImc to 
FHxton. 
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No. 5. 4C acres second contact bacteria beds at Flixton. 

No. G. 100 acres of irrigation land at FJixton and Carrington. 

Capacity of "Works. — The average drj-weather flow is taken at 

21.000. 000 gallons per day. The maximum rate of sewage flow which 
the works are designed to deal with is 120,000,000, of which the first 

63.000. 000 are to he treated as sewage and the ne.vt 63,000,000 as 
stormwater. The total flow as delivered and treated throughout the 
year, including rain, may be taken at an average of between 35,000,000 
and 30,000,000 gallons per day. 

Detritus and Septic Tanks. — The size in general of each of the old 
tanks is 300 feet long, 100 feet broad and C feet deep, and they 
originally contained a volume of 1,125,000 gallons each. 

Five new tanks have been built, making IG tanks in all, and the sills 
of seven of the existing tanks have been raised to bring up their capacity 
to that of the new tanks, 4 of the old tanks are used as detritus tanks 
to the stormwater beds and the other 32 aie used as septto tanks. 

Tlic aggregate capacity of the 12 septic tanks is now 15,820,000 
gallons which with the stormwater detritus tanks (which may lie used 
for the niglit flow) makes a total of 20,320,000 gallons. 

The new tanks aio built of brickwork in cement mortar faced with 
blue biicksand coped with stone, except iu case of submerged walls which 
are coped with blue bricks. The floors of the tanks arc of cement 
concrete. 

The floors of the tanks arc sloped from the outlet to the inlet end, 
from which the sludge is removed at intervals into a channel bcncatli 
the supply channel, from which it gravitates into Shonc’s ejectors, by 
whicli the major part is delivered to the sludge steamer, and thence to 
the open sea beyond the north-west lightship at Liverpool. During 
the year 190C-7 the quantity thus sent to sea was 176,314 tons, while 
4,861 tons were dealt with by pressing. The “sen ” cost for the year 
was £1,757 10«. Ocl, and the "works” cost (including pressing 
£270 Cs. lid.) was £2,051 JC?. 8d. 

Tills works out to G'47 pence per ton for removal to sea ; 2*30 ponce 
per ton for woiks cost and 13*35 pence per ton for pressing. 

For clearance of sludge from tanks, the top water is drawn off by 
floating arms and pumped back into tanks for rc-trcatment. 

Bacteria Beds. — The baefer/a beds at Daryhnlme are each a nett 
half acre in extent and are fed from the septic tanks. 

The supply channels vary from 18 to 5 feet wide and fill 2 bods 
at least in the time allowed furillling. Dnilt under them arc tlie pick- 
up channels for the cflliient from the bctls. All channels are made of 
cement coucrctc. 
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There is one point of supply from the channels to the beds in the 
middle of the long side of each bed. 

From the supply channel the septicised sewage runs into a small 
distributing rcs3rvoir scmi-circnlar in shape from which it flows over a 
weir of semt-circular form into a concentric channel formed in the 
material of tlie bed. 

The drainage of the beds is effected by radial collecting drain*!, the 
main collecting drain and outlet cliam^r being placed under the 
distribution reservoir and weir. Tlie drains are formed in the concrete 
bottom of the beds, having perforated corers and the larger one solid 
covers cemented to the brickwork. Between these radial drains the floors 
of the tanks arc ridged tofaeililalcdr.-nnage to them. The average depth 
of the beds is 3 feet 4 inches, and they have a cross fall of 2^ inches. 

The floors, wall**, etc. of Ibesc beds are constructed of concrete. 
The material with which the beds arc filled is screened furnace clinker, 
the coarsest being used to cover the drains and floors. 

Experimental modes of working the beds have been tried, one being 
that of electrically worked valves, where the period of contact was 
governed by a timing chamber j tbc second being a similar method to 
the above, but the valves were lifted by hydr.uilic power and the period 
of contact was under the direct electric control of the opcratoi. Both 
these methods have, however, been abandoned in fa\our of sluices 
operated by hand labour in the nsual way. 

stormwater Beds.— Tlie stormwater beds arc geiier.dly 272 ft. x 
ICO ft., and about 1 acre each in area, they are 2 feet C incbcsdeepnnd 
filled with coarse clinker, When full the sewage stands C inches above 
the clinker at which point the bed commences to disclmrgc into a 
vertical bell-month in a discliarge chamber. Each bed holds, when full 
303,000 gallons, equivalent to a storage of 9,800,000 gallons, and, when 
BO filled, they will discharge at the rate of 2,420,000 gallons per acre 
per day. The total storage iu the stormwater tanks (detritus tanks) 
and filters, before the filters commence to discharge, equals 14,300,000 
gallons, equal to five honrg heavy rain. This is exclusive of the bacteria 
beds. The supply channels arc from 10 feet to 4 feet wide, and their 
gradient is 1 in 1,000. There are two points of supply in the long side 
f each bed. The distiibnliou and drainage is similar to that for the 
ntact beds, but the channels and drains are longitudinal and transverse 
not radial. Tiie eDcIosiog walls of tho beds arc constructed of 
t concrete. The outlet valves at (he bottom of tbe beds to empty 
ter storm arc, worked by liand. 

uent Conduit from Bav^hulme to Hixton. — ^The volume 
is 03,000,000 gallons per day. The channel is 13 feet 
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wide and h\s a gradient of 1 in 5,000. At 2 feet deep it will convey 
36,000,000 gallons, and at 3 feet 3 inches deep 73,000,000 gallons with 
velocities of 155 and 192 feet per minute respectively. 

In some places it is constructed as an open channel where it is 13 feet 
by 4 feet and rectangular in Bcction and is built in concrete. In other 
places it will be constructed as a closed channel in open cut or tunnel 
where it will be of similar section, hut arched over and built of 
brickwork. 

Secondary Sacteria Beds at Plixton. — These beds will be practically 
identical with the beds at Davyhnime. 

Additional powers have also been obtained for the construction of 
about 27 acres of secondary beds on an area of land acquired for the 
purpose in close proximity to the works at Davyhulme : the works at 
Flixton being held in reserve for future requirements. 

Irrigation Land at Flixton and Carrington. — This comprises 
areas of 04 acres and 36 acres respectively. The supply channel is 
13 feet wide, supplyiug 18*mch radial carriers, composed of glazed 
socketted earthenware half-pipes. The under droinoge is of 8*i«cli 
agricultural pipes laid out in herriog-bonc form ot on averago depth of 
2 feet, to which arc coimccted 9 iuclies, 12 inches, 15 mehes, and 
18 inches master-drains of glazed butt jointed pipes. 

The total estimated cost, including the old works utilised, the new 
works now constructed and in prospect, and all lands occupied is about 
£850,000. 


Nunhatox Sewage Disposae Works (Pi.ates LXX. — LXXII.,p. 720). 

These works aic a good example of the Double Contact Bed System 
followed by land treatment of a sewage which is exceptionally dillicult 
to deal with, and the following particulars have been supplied by Sir. 
J. S. Pickering, JI.Inst.C.E., by whom the works were designed. 

Plate LXX. is a general plan of the works, Plate LXXI. gives details 
of the covered silt tanks ; PlatcLXXII. gives details of the construction 
of the bacteria beds. 

The works were designed to treat a dry-weather flow of half a 
million gallons per day and stormwater up to three times the dry- 
wcathcr flow, the excess up to six times the drj -weather flow being 
dealt with on the old. works which arc permanently used ns stormwater 
fillers. 

Ujiou reaching the site the sewage irasses through two revolving wire 
screens 5 feet in width having J inch wpiaro mcslics. The screen is 
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driven by a waler-whecl operated by the flow of eewage and the apparatus 
was made by Jlessis. John Smith & Ca, Carshalton. 

Upon leaving the screening cliambcr the sewage flows through three 
covered tanks on the Dortmund princiide. These tanks arc 34 feet 
deep, 24 feet diameter and have a combined capacity of 150,000 
gallons or 30 per cent, of the dry-weather flow. 

The heavy mineral matter and other solids in suspension intercepted 
by these tanks are automatical!}’ discharged by the pressure of the sewage 
ill the tanks through a line of 0 inch pipes 450 yards in length to the 
irrigation area where they are delivered into furrows and deodorised w ith 
the soil. 

The site of the bacteria beds is about 20 acres in extent and has n 
natural slope of about 40 feel, thus enabling the tanks to be built in 
terraces. There arc 14 concrete tanks 7 of which arc filled with coarse 
material for first contact end 7 with fine material for secondary beds. 
Each bed has an area of 1,000 square yards, and tlic average depth of 
the filtering material is 4 feet, so that cjicli bed contains 1,333 cubic yards. 
One third of the cubic capacity of a bed is equal to 75,000 gallons or 
for the 7 beds 525,000 gallons. With three fillings per day the beds 
ai-c capable of dealing with H million gallons per day. 

A fine screen is fived at each of the three mlets to each bed to 
intercept the wool fibre in the sewage 

The sewage is distributed over the beils by means of open jo'ntcd 
sockclted pipes laid upon the filling matena!. 'J'lic material used for 
filling the coarse beds is broken granite of 24 inch gauge, the drainage 
of the beds being cfTectcd by means of “ U ” shajied butt ended tiles 
laid 4 feet apart. 

The filling material for the secondary beds is composed of Ecrccncd 
coke dust, the cfllaeiit from the co.n>c beds bting .applied to the fine 
beds through channels timil.ir lo tlio'-e on tlic coarbc btd«. 

These contact beds arc not filUal swtii siutumatie filling and cmptjing 
gear ; the valves arc all ojicratcd by band and one man is employed in 
the Eui^rvisioii of all the bed*. 

The tflluciit from the eccondarv Isids I-* dis<*'iarged uj«on the land, an 
nn'a of CO acres having Uvn nojDired for this ptirj>«'“. 

The carriers consist of lt**iiicli ftoiitware pij*.'^ laid 1« low the ground, 
tlic efllucnt rising in chambers at iiittrsuN of On to 4n yards fur 
distribution o\cr Ibc laud. 

The laud, which is mostly of a graxelly Latun', is undtrdniircd to a 
depth of 5 ftxt. 

The upper lialf of the soektta cf the tuain drains are male with a 
cimuiit joint, the lower portion only King Itft tip^n. TLe drains are 
plaix-d about 40 sards ajurt. 
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BIU51INGUA5I SnWAGB WOBKS (PLATC LXXIII., p. 722). 

Tlic Birmingham Sewage "Works are carried out by a body known as 
the Tame and Bea Drainage Board, whose engineer is Hr. J, D. 
"Watson, M.Inst.C.li. 

The Board’s area comprises several districts in addition to Birming- 
ham itself, and the total quantity of sewage dealt with is 24 million 
gallons per day in dry weather. 

Tlic Board arc the owners of a laigc area of land about 2,800 acies 
in extent, and the process originally carried on was broad irrigation 
with chemical piecipitalion, by means of lime, the sludge being run 
into trenches and dug into the Iiind- 

Since the introduction of the bacterial processes of purification 
c.xpcrimcnta have been carried on by Mr. Watson in various directions, 
and lie is now gradually cliangiog the system to a bacterial pioceas for 
the ordinary dry-woathcr flow, and the hod is being reserved to deal 
with fluctuations in quantity during dry wcatlier and tbree times the 
dry-wcathcr flow. 

The whole of the sewage at present gravitates to tiic land with the 
exception of some small areas which arc dealt with by snbsidiaiy 
ptuupiug stations. 

The power utilised 'for this pumping and for other purposes in 
connection with the works is principally provided by means of an 
electric power installation in connection with a destructor belonging to 
the Birmingbnm Corporation situated at Ncchclls. 

This destructor and power house is a joint undertaking of the 
Corporation and the Drainage Board, and is situated on land purchased 
from the Board by tlie Corporation. 

Two batteries of desluictors of four cells each on the Heenan & 
Fronde top-fccd principle arc installed, and these destructors raise 
steam whicli is utilised by Iiigh-spced Beiliss & Morcom engines 
driving two lU* kw British Thoiusoo-llonston alternating current 
electric geiieratois. There is also n small continuous current steam 
set of 15 kw. 

Tliis set is used for the pniposc of iUiiininating by means of arc 
lamps the works at Salllcy and to light the station. 

The electric current is conveyed from the generating station to the 
points at nhich power is required by luc.ins of overhead cables carried 
on creosoted poles set in concrete. 

The overhead line consists of hard-drawn copper of special high 
tensile strength supporteil throughout its entire length by lilgh tension 
iusnlalors of the trijdc-shcd type. 

Throughout the length of the overhead line a barbed wire is run on 
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tlie lop of the poles and earthed at freqaent intervals for protection 
against lightning. Where the line crosses roads it is laid underground. 

The sewage on arrival at the Saltlejr Works ptisses through a scries 
of roughing or detritus tanks, each scries being divided into three 
compartments : the first compartment in which the heavy detritus is 
deposited is emptied once per week; the liquid from the top of the 
tank is pnmped to the septic tanks and the heavy grit and sludge is 
lifted by Pricslman grabs to slndgo trenches where it is bnried. 

No screening takes place before the sewage enters tlie tanks, so that 
the light material inclndcs much which would ordinarily be stopped by 
a screen. A Stott screen is fixed in front of the suction pipes to the 
pumps. 

The second compartment of llie roughing tanks is emptied about 
once a month, the material being sent forward to the septic tanks, and 
the third compartments hare not been cleaned out for three years. 

The septic tanks bare a capacity of about 7 million gallons and arc 
uncovered : they arc designed with a fall in the bottom, so that the 
sludge deposit will gravitate to the sludge mains, throngU which it Is 
pumped about onco m four months on to land nhcrc it is allowed to 
dry, and is then dug into the land. 

The sludge fiom these tanks when dug into the land in this way 
causes no nuis.^ncc and dries comparatively rapidly. 

After passing through the septic tanks the clllucnt is taken through 
tanks constructed on the principle kmown as the “ Ihrmingham 
Separator” tank for the purpose of eliminating part of the suspended 
solid*. 

These tanks (sec Plate LXXIII., p. 722) arc somcHhat on tlic 
principle of the Dortmnnd tank, and arc cither circular or square iu 
jilan iMtli a conical or pyramidically shaped base. 

Tlic sewage is introduced through o central pqie and ascend*, dis- 
charging over a weir formed in the case of the circular tanks of a 
trough carried by a girder placed across the centre of the tank ; m the 
square-shaped tanks the weir forms one side of the tank. These tanks 
are designed to give nn npwanl velocity of 7 feet p^r hour. 

The solids which have been settled ore removed from the njv'x of the 
cone or pyramid as the case may be by a draw otT pipe, whicli discliargcs 
at ft level of some 3 or -1 feet bolon top water level of the tank. 

The cfllccnt from the separator tanks i« jKirtly dealt witli at .''alllcy 
and partly at Minworlh, at a conridcraUe dbtance away from tlie srptic 
t.ank*, by means of continuous |>ercolating l>.*d*. 

Tiie general description of tlies* U'di is depth 3 to C feel, sewage 
applied by mean* of fixed jets working with a head of C tnt, tlie j«.l* 
l*cing fii^ 12 frt‘t apart. 

f-C. S A 
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Tlic matcrml of llic l}c3s is granite diippinga IJ inch gauge. The 
beds arc retained bj rnbblc masonry wails and liavc a false bottom upon 
a concrete floor, the qnanlUy of sewage applied being at the rate of 
ITiO gallons per sejuare yard per day. 

The efllucnt from the continnous filters contains about C or 7 parts 
per 100,000 of solid matter in Mispension. 

The cfllncnt is passed Ibrough n further series of “Birmingham 
Separator” tanba in which the solids in suspension arc reduced down 
to from 1*5 to 2 parts per 100,000. 

The final effluent is tlicn discharged into the River Tame. 

Tlie stormwater is dis|>oscd of upon special beds situated at Saltlcy 
some GO acres in extent. 

These arc constructed with n concrete floor varying from 3 to G 
inches in thickness upon which drain tiles arc placed in rows at a 
distance of about lOfcct from centre to centre, and the space between 
tbo tiles is filled np witli boulders from 3 inches to C inches in 
diameter. 

The medium placed upon these boulders has a total depth of 5 feet 
consisting of 1 foot of rough lireczc 3 inches to 2 inches gauge, 2 feet 
medium brccro 1 1 inches to 1 incli, and 2 feet of fine brccro f inch to 
i inch. 

The stormwater will aU be pumped ond Is intended to be applied to 
these I'cds by means of fixed jet sprinklers at the rate of 3 million 
gallons per acre of bed per day. 

lUxi.liY Skwaor M'orks (ri..VTrs LXXIV., LXXV., p. 721). 

Tlic'cworksnrc agoodexamplcof the system of purification consi'^ting 
of detritus taiil.«5nud septic tank tre,atroent followed hy streaming or 
j'crcolating fillers ; the depth of the latter and the site of the filtoring 
medium l)cing utuisunlly small. The main feature of the scheme is the 
large cajiacity of the detritus and septic tanks and bacteria beds pro- 
vided, thus enabling the whole of the storinuatcr to b’o treated witiiout 
special stormwater bcd«. The ciiguiccn were Mc'-srs. Wilicox & Raikc‘', 
M.M.Inst.C.lh, by who«c cmirtesy and liiat of Mr. Makepeace, tlicir 
nsident engineer, the following particular have been supplied. 

The geiicnd arrangement of the works is shown ou the plan (Plate 
BXXn-*., r«g 2, p. 721). 

The dry-wcvlhcr flow is l,50n,i>U0 gallons jx-rday, and the utirks arc 
designed to trc.»t su tunes the dry«weathcr flow of H, 000 , 000 gallons 
per day. 

Th" S"V\agc conveyed to the works in a d-foot Itfurcl fewer, and 
is firrt d'bvirtd into the scrr-cuing chamber, wlurc all fioalinu garbage 
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and latter solids are removed, and deposited in a trough provided for 
that purpose hy an arrangement of mcchaoicallj-drivea rakes which 
scrape the garbage from the surface of the screens. 

On leaving the screening chamber the sewage is gauged by passing 
over a weir, the rate of discharge being automatically registered by n 
specially designed recording instrument. 

It then enters tbc detritus tanks, where all the heavier solids arc 
deposited, such as road dctiitns and other mineral matter, and that 
proportion of senage which is pumped to the high level works is 
delivered into the pump well, any volume in excess of this passing 
through the old storage tanks to the low level-works by gravitation. 

Three detritus tanks arc provided for the tieatment of the sewage by 
settlement after leaving the screening chamber, and are so designed that 
one can nearly always be out of action for cleansing purposes, whilst the 
other two arc in use, Plate LXXIV., Fig. 2, p. 724, gives a general 
view of the detritus tanks 

"When the volume of sewage exceeds the 9,000,000 gallons above 
referred to it is considered to be so d/hite that (he Local Government 
Board allow it to be discharged into tbc river after passing through tbc 
detritus tanks. A specially designed adjustable bell*mouth overdow is 
provided for discharging the excess volume as shown in Plate LXXIV., 
Fig. 8, p. 724. 

The total c.apacUy of the three detritus tanks is 342,000 gallons, 
winch IS about a quarter of (he dry-weather flow. 

Tlie capacity of tlie four high-level septic banks Is 2,050,000 gallons, 
or one and a third limes the dry-weather flow. The low-level septic 
tanks have a capacity of 2,200,000 gallons and they are reserved for 
the treatment of stormwater. 

Plate LXXIV., Fig. 4, p. 724, gives details of the construction of the 
septic tanks. 

The bacteria beds arc constructed on two levels so that the dry- 
weather flow can be treated by double filtration if this should ever be 
required. 

The total area of the bods is 9 Dere«, acres being arranged on the 
higli.lcvcl arc. 1 , and ,5} acres on the low-level area, divided into l-acre 
plot", ns far ns jxissible, each acre m Ciim being divided into four 
sections for di«tribulion purj>ose8. 

Tlie outer walls of bacteria bods arc constructed of 14-inch brickwork 
with 18-inc1i reinforcing pillars placed every 22 feet, on a concrete 
finind.Uion. 

The concrete floor is C inches thick, with C-incU half-pipe effluent 
drains placed C feet aj^art in pirallel lines. 

The jterco’ation filter# are filled with broken saggar?, this being a 

Sa2 
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waste product of the pottery trade and easily obtainable ; it forms an 
excellent material for the purpose and has proved very durable. 

The material is arranged as follows;^ 

9 in. of broken bine brick 24 in. to 2 in. gauge 

1 ft. 0 „ broken saggars 1 „ to a „ „ 

2 „ 8 „ „ „ 4 „ to 1 „ .. 

1 M 0 „ 1 to i „ „ 

5 ft. 0 in. Total depth of bed. 


The stormwater from twice up to six times the dry-weather flow is 
treated in the low-level septic tanks and bacteria beds. 

The dry-weather flo^Y is treated once only, and the rate of application 
to the high-level bacteria beds is about 80 gallons per square yard per 
dayjn dry weather, increasing up to 160 gallons per square yard in wet 
weather. The low-levcl bacteria beds wiil deal with four times the dry- 
weather flow at a rate of 240 gallons per square yard per day. 

The filter efiluenb is collected into a main effluent chamber (where 
samples can be taken from each quarter acre), and after passing through 
this, it is conveyed direct to the main efiluent carrier, discharging into 
the River Trent. 

As the special type of distributors used on these works constitutes 
one of their most interesting features, a brief description of their con- 
struction may be of interest ; but the reasons for using power-driven 
distributora may first be snnimarised as follows : — 

(1) To obtain absolute control over sewage to be distributed in order 
to Secure any desired period of rest or rale of distribution. 

(2) Necessity of dischargiug sewage close to surface of filter to avoid 
risk of nuisance to neighbouring houses and park. 

(3) Varying lates of sewage flow to be dealt with. 

(4) Uniform distribution over the whole area of bacteria beds. 

The sewage distributors shown in Plate LXXV, opposite, were manu- 
factured by llessra. Bartley & Co., of Stoke- upon-Trent, under the special 
licence of ilessrs, "Willcox & Raikes, wbo devised and patented this 
method of distribution in 1902. During the six years they have 
been in regular use many improveroeiitfi Imvc been made by Sfessrs. 
Bartley & Co. in the details of their constructiou. They are arranged 
in half-acre units, each half-acre bacteiia bed being 200 feet long by 
100 feet wide, and inteisected by an open steel tiough about 20 inches 
square in section. This open trough is supplied by sewage at a fixed 
level by a 12-inch supply pipe. 

The sewage is drawn from the trough and spread over the bacteria 
beds by two syphons with cooks and distributing pipes, each forming one 
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complete arm extending on opposite sides of trongh, and the arms 
travel backwards and forwanls along the 200 feet length of the half- 
acre bacteria bed on chillcil cast-iron wheels miming on rails, meeting 
and passing each other when at the middle of each journey. 

The distribution of sewage takes place when travelling in one direc- 
tion only, every alternate jonrney being an idle one, thus giving the 
uniform interval of rest necessary for the perfect distribution of sewage. 

The distiihuting pipe is made in section ns shown at A. (Plate LXXV., 
Fig. l,p. 7241, and tapers at the outer end to section as shown at B. The 
outlet of the sewage into the nozzle-pipes from the main pipe is at the 
top, so that this pipe is never emptied, and by this means the discharge 
of the sewage commences along the whole length of the pipe almost simul- 
taneously, and all muddy deposit lies in the bottom of the main pipe, 
and cannot obstruct the outlets to the nozzles. The top of the nozzle- 
pipe is closed by a plug, and when this Is witlidrawn the apertures can 
he readily cleansed. A bafllc-plate beneath the nozzle-pipe sprays the 
sewage upon the bed in a very thin and almost transparent film. 

Between the syphon and the main distributing pipe is a stop-cock by 
which the distribution is slopped or started by means of lovers 0 and 
D. IVlien one of these levers encounters a stop S, fixed in the end of 
trough, the cock is closed or opened as desired, and by means of tho 
second lever, which would engage a stop fixed at any desired point along 
the trough, the distribution can be adjnslcd so that a portion only of 
the bed may be used, whilst the other portion is rested. These levere are 
hinged upwards, so that any one can be instantly put in or out of action. 

As both pipes distribute on the same journey, and arc idle on the 
succeeding journey, by increasing the time of the flow journey and 
decreasing the time of the idle jonrney it is possible to greatly vary the 
amount of sewage distributed, and the periods of rest can be adjusted 
until the most perfect result is obtained. 

The dislribntors are drawn along the rails by wire ropes, and as these 
would, if independently diivcu, require considerably increased power 
during high winds, they arc connected together by a balancing rope 
which passes around grooved pulleys at each end of the be<I. ^Mien 
wind adversely presses against oue distributor its force i» largely 
counterbalanced by the wind pressure on the other. By tins means a 
small electric motor is safllcicnt for the work, only 14 horse power 
being required to drive each distributor. A tension pulley on slides 
takes up the slack of the wire rope. 

The revcrs.ll of the winding dnim at the end of each journey is 
accomplished by a screw which revolves with the drum. Upon this 
screw is a nut which travels along Us axis until, when the required 
number of revolutions has been made, the nut encounters a pendant 
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lever niul throws over tlio belt strikin^-gc.ir, reversing the (Irimi iind 
amis. TJic imt now travels in the opposite direction until the end of 
the succeeding journey, when it engages in a second pendant lever and 
throws over the stnking-gcarwlicn the reversal of the drum is repeated. 

The belt gear is of the usual straight and cross-belt typo, with fast 
nnd loose pulleys. Tlic intermediate spur gcaiing shown reduces the 
speed between the belt pulleys nnd the rope drum. 

In large installations comprising several acres of filters the whole of 
the distributors for one or more acres can be driven by a single electric 
motor, and although the motors used at Hanley mo capable of developing 
about 7 horse pouer per acre of filter, it is found in piacticc that the 
electric power actually required docs not exceed about 3 liorse power 
per aero. 

The distributors have been designed so tliat tlicy uniformly distribute 
over the aica they cover, doses of from 1 to 2 gallons of sewage per 
square yard at varying intervals from five to ten ininntos, nnd each 
distributor on working 21 hours consecutively, at this rate, distributes 
500,000 gallons during llml pciiod over each bed of a quarter acre area, 
CuKr.TRN'iiASi SnwAon IVouks 
(P r.ATES LXXVI. — LXXVIII., facing ])p. 72fl nnd 728). 

These works were designed hy Mr. .T. S. rickcring, Jl.Inst.C.Il., who 
lias supplied tlic following information nnd the drnaings illustrating 
the same. 

The dry*wcathcr flow Is 1,500,000 g.allons, and the Rohemo pro\itlc8 
for screening and arresting detritus and then settling or 80 ])tlci 8 i!)g the 
sewage, prccijiitaling the solids in tlic scjitic iniiiciit in circular stltling 
tanks, and the further purification of tins cfllucnt on continuous or 
percolating bacteria beds. The cniiicnt from the filters can, if so 
desired, be further purified on 133 acres of land hy irrigation. The 
scheme also pro\ idea for the purification of stoimualcrs hy irrigation 
on 25 acres of land nnd for dealing with the sludge from the septic 
tanks and circular fcdimentnlion tanks on 2 acres of land. 

The detritus tanks arc rcclnnguliir in shniic nnd co\crcd in, nnd arc 
three in numlAjr. They are plnccil side by aide in contimintion of the 
in-iin sewer, nnd each is 3.5 fect long, 10 feet wide, and fi feet 0 inches 
deej) at the inlet end, and 7 feet 3 inches at the outlet end. To the 
entrance of each i« fitted an inclined screen which is haud-clcaued. 

Tlie three tanks have a c.a]»acity of (Ji’.OOO gallons, equal to a one 
hour’s sewage flow, or elighlly over -I |Kr cent, of the dry-weather flow. 

When it Is rtqmred to clc.an any one of the three tank", It can be 
run ofT by means of a flouting arm fixcsl at the onllct end of the tanks, 
tlic liquid l»-ing emiseycd by l>i|»cs on to the land. 
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The bottoms of the tanks arc made of concrete and the roof of steel 
joists and concrete. The ^'■alla arc of brickwork. 

The screening house is 43 feet 6 inches long and 10 feet wide. It is 
built orer the inlet end of the detritus tanks and is fitted with an 
orerlicacl carrier discharging outside the bmlding. 

The main sewer is bell-mouthed to practicall/ the widtii of the three 
detritus tanks- 

From the detritus tanks the sewage flows into a collecting channel, 
and from thence into a distribntiug channel from which it flows 
longitudinally through three closed septic tanks. Each tank is ICO feet 
S inches long, 35 feet 11 inches wide, and is 8 feet deep at the inlet 
end and G feet deep at the outlet end. The three tanks have a 
capacity of 750,000 gallons, equal to lialf a day's dry-weather sew.agc 
flow. 

The sewage flows from the supply channel into short-legged and long- 
armed tec pipes, of which there is one to each tank. 

The long arms of the tee pipes arc fixed along the end walls of the 
tanks and above top water level. 

From the bottom of tlie arms of each tee pipe descend six vertical 
pipes discharging the sewage into the lank 2 feet 3 inches below lop 
water level. 

The first 19 feet of each tank at the inlet end is screened oT from 
the rest of the tank by a brick division wall winch extends from above 
top water lev cl, and tlirough wliich the sewage passes by means of six 
vertical U pipes, the orifices of which arc 2 feet 3 inches below top 
water level. 

In each sub-chamber formed by the division wall are placed two horj. 
zontal lielical sludge removers, the floor of the chamber being hollowed 
to receive them. By these helical removers and the weight of the 
water in the tank, the sludge can bo forced through two outlet pipes 
(one placed at the centre of each remover) in the bottom of the sub- 
chamber whilst the tanks are in work. 

At the ontlet end of each tank the sewage flows by means of six dip 
pipes extending 18 inches below top water level into a collecting channel, 
and thence to the circular scdimenlalion tanks. Each tank can be 
emptied when so required by means of a floating arm, the liquid bein^ 
conveyed by pipes on to the irrigation lands. 

Tlie main walls and floors of the tanks are made of concrete. Tlie 
roof is made of concrete and steel joists, and the cross division walls arc 
of brickwork. 

The scpticiscd sewage flows from the collecting channels at the end 
of the settling tanks into a circniar dislrilmling pipe placed round the 
lop of each of the circular tanks. From this distributing pipe, by 
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means of tea vertical dip pipes, it is introduced into the bottom of the 
circular sedimentation tanks. These tanks arc three in mimbcr, one to 
each septic tank. They arc circular in shape, 2o feet in diameter, and 
average 15 feet 3 inches in depth measured from top ivater level. 

The capacity of the three tanks is 140, C25 gallons, or 2J hour’s 
dry-Tveatber sewage flow*. The liquid flowing upwards through the 
tanks is drawn oQt of them by ten dip pipes luojecting downwards to 
1 foot 9 inches below the surface of the liquid in each tank. The dip 
pipes discharge into an annular collecting channel placed I’oimd eacli 
tank, through which it runs into a rectangular conveying channel. 

The bottom of each tank is fitted with a horizontal helical mud 
lemovcr, the bottom of the tank lieing dished to receive it, a sludge 
pipe being fixed at the centre of the remover. By these helical removers 
and the weight of water in the tank, the solids W’hich settle at the 
bottom of the tanks can be forced out of them tlirongh the outlet pipes 
uhilst the tauks are in work. 

The walls of the tauks arc built of brickwork, the floors of concrete, 
and the roof of concrete and steel joists. 

The (flitient from the septic tanks after passing through the circular 
scdimcutatioD tanks Sows into four dosing chombci's, preceding eight 
circular trickling or percolating filters. 

TJieso filtcm arc built in batteries of four, and tlio levels arc such, 
that if it is thought fit, the cfllucnt from the liighcr battery cau ho 
discharged on to the lower. Each filter is llS feet diameter and 0 feet 
deep, and has a cubical content of 2,228 cubic yards, giving for the 
eight beds a capacity of (at 168 gallons per cubic yard, L. 0. B.’s rule) 
3,000,000 gallons per 24 hours, equal to twice the dry-ncnllicr Bow.nge 
flow. The average rale of flow of orduiaty dry ncntlicr is 133 gallons 
jier square yard per day, 

Trom the trickling filters the effluent is discliargod ou to 138 acres of 
land, uhcrc it can be further trcalcd by irrigation. 

The stormwaters arc discliaiged directly on to 25 acres of land, 
nlicro they are also trcalcd by irrigation. 

TJio areas of laud which nre ollocaJcd to the various portions of tlic 
treatment of the sewage are as follows : — 

Area to be irrigated by upper Iwttcry of filters 75 acres. 

„ „ lower battery of filtci 3 58 „ 

„ „ stormwaters ... 2.5 „ 

ir»8 „ 


Tor i>lu(Ige trenches . 
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Tun RoTinvKLi- Sewage Di^po'^ae Wohks 
(PLVTr.s lAXIX*., LXXX., p. 7.1(1). 

These works nrc dc«t"»c<l to deal with a tlrr-ncathcr flow of 100,000 
gallons of domestic sewage fn>m a popiilation of .I.OOO persons tijKin 
the continnons filtration sjstcm, ami are of interest ns licing an c.xnmplc 
of the application of fresh sewage to (tfrcolating filters on w hat is known 
as the “ liocds Bed ” system. 

The sewage is dcliTcred at the works tliroHi:li a L’t-inch sewer, to a 
detritns tank and screening chamber, and thence passes to a reservoir 
provided with two compartments for the storage of the night flow. 

The sewage is pnmped from the reservoir hj means of centrifugal 
pnmps driven by gas engines consnming producer gas. 

The delivery pipe from the pnmps ascomls to the first floor of the 
engine house to a screening chamber containing a revolving screen with 
a perforated plate with openings ^5 inch in diameter. This screen is 
described on p. 092. 

After passing through the screen the liQuid is carried to two circular 
Ixicteria beds which are constmeted as shown upon the plans with walls 
of honeycombed brickwork in which arc two wrought iron bands. 
The filtering material is 10 feet deep and is of unusually large size } the 
greater part of it is broken clinker bricks, the pieces being from 8 inches 
to 4 inches in diameter, and the top layer is of rounded gravel pebbles 
2 inches m diameter. 

The liquid is applied to thc<c beds at the rate of C g.d]ons per square 
yard per hour by ordinary circular revolving distributors by Candy. 

The effluent from the bacteria beds is well oxidised and contains a 
very large proportion of solid matter m suspension. In order to arrest 
this the effluent is passed through sand filters of the ordinary water- 
works constructiou. They contain a layer of gravel C inches thick 
carryiog a bed of sand C inches thick. A large area of these sand 
filters is provided so that the beds can be rested long cuough to dry 
the sludge. There is no dlfficnlty in doing this and the thm film of 
sludge left on the sand can be skimmed of! with shovels and is found to 
be easily handled and quite free from smell. 

The effluent from the sand filters is discharged into a small tributary 
of the River Aire. 

A stormwater filter is provided of similar construction to the 
previously described sand filters except that the filtering material 
is 2 feet in depth instead of 12 inches. 

Two small sludge beds have been constructed to deal witli the heavier 
solids which arc deposited in the detritus tank, this matter being lifted 
by a small baud chain-pump. 
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It was intended that the whole of the solids brought down by the 
sewage should be pumped on to the bacteria beds, but it was found 
that a small deposit took place in the reserroir at night when no 
pumping was going on. It has therefore been found necessary occa- 
sionally to pump this sludge out with the ordinary sewage pumps, 
and this is dealt with in the sludge beds through au outlet made for the 
purpose on the delivery pipe to the stormwater filter. 

During the day-time the fresh sewage is pnmped direct to the 
bacteria beds with all the solids in suspension still in it. 






CHiVPTER XX. 


ROYAL COMIIISSIOX OX SEAYAGE DISPOSAL AND LOCAL 
GOVERNMENT BOARD’S INQUIRIES. 

A Rotal Commission ^3 appointed in 1898 to deal with the question 
of Sewage Disposal. Tins body issued an Interim Report in July, 
1901. 

iKTERIil ReI*ORT. 

This Report was published primarily to deal with the question of the 
requirements of the Local Gox'cmment Board with regard to land as a 
final treatment to all systems of sewage pnrification. 

Since 1884, the practice of the Local OoTernment Board bad been to 
require, sare in csccptional cases, that any scheme of sewage disposal 
for which money was to be borrowed, sbonid provide for the application 
of the sewage or effluent to an adcqnate area of suitable land before its 
discharge into a stream. 

Id many cases, especially in the inaoufactnriog districts of Yorkshire 
and Lancashire, the land available for sewage puiification is cither 
unsuitable in quality, inadequate in area, or can be obtained only at 
a prohibitive cost, and groat ditlicuUies presented tbemselves to local 
anthorities seeking to purify their sewage for the above-named reasous. 

The Commissiyn, after hearing evidence, cxamiuiDg existing bctt.nge 
works, and c.ariying on experiments of their own under skilled officials 
appointed for the purpose, came to the conclusion that peat and stiff 

^ lands are generally unsuitable for the purification of sewage; that 
for this purpose is always attended with difficulty, and that 
i the top soil is shallow, say six Inches or less in depth, the area 
h lands which would be required for efficient purification 
in certain c.ascs, be so great as to render land treatment 
jle. 

’ conclusion of the Commission was that after carcAiIly 
the whole of the evidence, together with the results of their 
they were salisfied that it was practicable to produce by 
alouc, either from sewage or certain mixtures of 
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scwn^e find trade refuse, such, for instance, as arc met with at Leeds 
and Jrancliester, effluents which will not putrefy, wliich would be 
cl.issed as ^-ood according to oniiniwy chemif?.'}) standards, and which 
migJit be discharged into a stream withoafc fear of cicatiug a nuisance. 

The Commission expressed the opinion that there were cases in which 
the Local Government Board wonid be justified in modifying, under 
proper safeguards, their rule as regards the application of sewage to 
land, but the Commission were not able to give general rules as to what 
those safeguards should be, but suggested that each case should he 
considered on its own merits. 

The direct result of this conclusion was that tlie Local Governracut 
Board did relax their rules, and numerous schemes have since been 
sanctioned in which land treatment forms no pait. 

The Interim Report embraces a third conclusion winch deals with 
the nccessitj of protecting all rivers, and expresses the opinion that a 
sepamte Commission or new department of tlie Local Goveinment 
Board should be created, dealing with inatteis relating to rlrers and 
their purification, with power to take action in cases where local 
aiuhontics failed to do so. 


Second ReronT. 

The Commission issued a Second Report in July, iDOd, which 
consisted outirely of reports by the cxpeits appointed by the 
Commissioa upon various features of the problem placed before tlic 
Commission. 

Twird Redout. 

The Commission issued a Third Rcpoit in Slnrch, 1003, dealing with 
the question of trade efflaents and n new central authority, from 
wliich it appears that the Commission arrived at the conclusion that 
sewage cont.ain{ng trade effluents is gcncnilly more difficult to purify 
than ordinary sewage, and that the following arc the chief causes of the 
ditficulty. 

(1.) TIjo trade effluents may be turned into the sewer at irregular 
intervals, so that the coni|KJsitfon of the sewage ns it arrives at the 
sewage works varies considerably throughout the day. 

(2.) The trede efilnenta may contain large quantities of solids in 
snspension which tend to choke tbo purification plant. 

(3.) The trade effluents may be very acid or very nlhah'nc, or 
otherwise chemically injurious. 

The evidence brought before the Oomnmsion shows that wherever 
pmcticaLlc the mamifacturerfhould a<lopt means of removing the bulk 
of the solids in suspension from his effluent, for neutralising it and for 
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deliverin': it into tlic sewer in n fairly uniform manner, and in most 
ca^cs the Comini<«loncr8 were of opinion that the co'^t to the manu* 
facturcr of adoptiti" these preUminarj- inca«nrc9 would be less than the 
additional cost which would be thrown on the local authority if the 
measures were not adopted. 

The Commission conchultsl that the purification of trade efiluents hy 
the local authority is in the majority of ca'cs prncticahlc ; purification 
by the mamifacturcr is in some ca«c9 difficult, if not impracticable ; 
while purification by the manufacturer would generally be more costly 
than purification by the local authority, also that the local aulhontics 
as well as the manufiicturers arc of opinion that there should be laid 
on the local authority a distinct obligation to receive trade eflliiciits. 

The Commissioners therefore recommended that the I.iw should bo 
altered so as to make it the duty of the local authority to provide such 
sewers ns are nccess.iry to carry trade cflhicnls as well ns domestic 
sewage, and that the luaimfjcturcr should be given the right, subject to 
the observation of certain safeguards, to discharge trade effluents into 
the sewers of the locil autliority. 

■Without providing by direct enactment what these safeguards should 
be, the CommissioQcrs recommended that in each district the local 
authority should frame regulations which should be subject to confir* 
nation by a central authority, and that in most eases these regulations 
should provide definite standards for the different manufacturers ns 
regards pieliminary tieatment,wiih power to vaiy or dispense with such 
standards wheic necessary. 

In many cases a part or the whole of the water which the manufacturer 
uses in his business is obtained from a stream, aud must therefore be 
returned to that stream. 

The Comraissionere did not propose that the manufacturer should 
by statute be relieved of that liability. If he be able to relieve himself 
of the obligation he might discharge his elHucnt into the sewer, but the 
local authority should lie expressly exempted from any liability for the 
infringement of riparian rights by the discharge into the sewers of 
water obtained from any stream. 

Tlie question of a special charge beyond the ordinary rates paid for 
sanitary purposes being made upon the manufacturers who discharge 
their trade effluents into sewers is one of great difficulty, and the 
Coinmissiouers found that however mneh may be said in support of such 
a contention, they could not disregard the following considerations : — 

(a) Under the existing law the local authority are not empowered to 
make a special charge. 

(b) The evidence shows that, though it would be practicable were 
such a charge made, to ascertain what that charge should be, yet it would 
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invoke a very large amount of labour to settle llic charge in respect of 
each manufactory. 

(c) Iti the interests of the community it is desirable that most trade 
eniiients should, subject to certain Bafegnards, enter the sewers and bo 
purified by tlic local authority. 

(d) In tbe interests of manufacturers no new restrictions wbich arc 
not essential sbould be imposed. 

(e) \ distinction ought to be made between the cases where the 
mannfacturer complies with the regulations as to preliminary treatment, 
and the eases where he does not; and many important uitncsscs 
rciircscntln? local authorities have strongly expressed the view that no 
special charge should be made in the former class of eases. 

IIa\ing regard to these considerations the Commissioners were of 
ojiinion that generally no special charge shoiihl be made on the 
mnnnfactmir in those eases in nliich the regulations ns to prcliminnr)’ 
treatment nic complied with. But wbero the mnnurncturcr Is unable to 
comply iMth thc‘'e rcgalations they considered that tbe local authority 
should be empowered to make a sjiccinl charge. 

Power sh'iuld ul«o be granted to make a special charge, even when 
pichminary tieatmcnt is mhiptal, ahere there nrc cxcciitionn] cirenm’ 
stances as leg.inls i<dume, quality or otherwise. 

They lecommcudcd that (he nctiinl amount of the charges should bo 
fixed by agreement between the manufacturer and the local authority. 

In default of ngreement the nroouiit should be soltlod by a siqierior 
oulborily in llio manner hereinancr explained. 

In lbo«e ca«es in wbich a innnnfactiircr is precluded from discharging 
bis cniiient Into the sewer by rc.i'on of the fact that the water which he 
uses is ohtainod from a stream, and must therefore l>c returned to the 
stream, the duty of purilication will still rest with him. 

IhiL the Comm{.®«ionorR did not consider that this will lie a fon'otis 
grievance, as he obtains his water without charge, and this ndvimtago 
may lie set against the cc«t of pnrification. 

Moreover, it would l>e ojicn to him to ocfjuirc the right to use the 
fewer by grtling bis water from some other fonrcc or by obtaining the 
jico'csniy consent of riparian onnem liclow him on Ihcflrcam. 

In dealing witli the c.a.'cs of mnnufttcturers who hare olilnined by 
j-rcH-ription a right to discharge their tmde cfihients into the fcwcrs of 
a loc.d imthority, the Commisdoners considered Hint all mamifjictnrvrs 
fhoiiM k- p!.ici'<l iij'ori the f.mic footin|r, and that the regulnlions for 
preliminary In-ntmcnl and i‘j«i‘ci.il cliargi*s x\i«ni the inaTiufueliirTrs 
flioiild flj'ply fqii.illy to ibo-'* inonufiict«n.Ts who«e (nbients now arc 
dl*''hirgr<l into the fcwcrs and to the mannfnctiircr who is only 
pri'jvj^ing to obtain conii'Ttion. 
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The Comnii««ioncrs urge llic nccc«RU)’ for the creation of n central 
niithoritj to <lca! with tlio differences between the local nuthnritics and 
raanufactiircrs, particularly with questions which may arise under the 
following heads 

(1.) The refusal of a local authority to allow a particular trade cflluent 
to enter their Bcwers. 

(2.) The refusal of a local nnthonly to construct or enlarge sewers for 
the purpose of a ^wrlicvrlar manufactory. 

(3.) The question of varying general regulations ns to preliminary 
treatment by the manufacturer. 

(4.) The amount of the special charge to be imposed on tho 
manufacturer, 

(5.) The removal of sludge. 

Tiicy considered the Law Courts imsiutabic tribunals for the settle* 
ment of questions of this kind, and recommended that a properly 
equipped central authority should be cslnbhsbcd with ii permanent 
stair of experts, that the authority should be clothed witli the necessary 
powers to conduct inquiries, call wilncs.«e«, enter premises to take 
samples of the trade cHlucnt, and generally to do such nets as are 
necessary to properly perform their duties. 

That at any inquiries which may be held, neither counsel nor expert 
witnesses should be heard except with the special permission of the central 
authority ; that tho central authority should be a new department under 
the Local Government Hoard rather than an entirely separate department. 

They further recommended that Ri\cr8 Hoards sliould be established 
throughout the country and that such Hoards should net as courts of 
first instance in dealing with disputes, except those arising from 

(a) Tlie refusal of a local antlionty to allow a particular trade effluent 
to enter their sewers. 

(b) The refusal of a local antlioiily to construct or enlarge sewers 
for the purpose of a particular manufactory. 

These matters to be dealt with by the central authority alone. 

Local Acts of Pabliajiext. 

These recommendations have not up to the present been acted upon ; 
but tho subject of dealing with trade refuse has been settled m certain 
of the mannfacttiring towns by local Acts of Parliament, and the following 
extract from the Ilnlif-ix Corporation Act, 1905, is an example of 
clauses introduced into such Acts dealing with the question : — 

DisrosiL OF TnxDE Rlfcse. 

Halifax Corporation Act, 1005. — 5. The Corporation shall for the ro»«rt 
purposes of this Part of this Act have the like powers and duties with uSthlct 
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respect to constrnction and maintenance of sewere and drains and the 
removal treatment and disposal of trade refuse and the purchase and 
taking of lands by agreement or otherwise than by agreement and the 
expenditme of money and execution of works as they have for the con* 
structiou and maintenance of sewers and the removal and disposal of 
sewage under the Public Health Act 1875 and all the provisions of that 
Act and of any Act incorporated therewith so far as applicable and not 
inconsistent with this Part of this Act shall apply accordingly. 
Trade^^may G. — (I) Subject to the provisions of this Part of this Act any trader 

trade reru«c may icquirc the Corporation to receive and dispose of the trade refuse 
produced from his trade premises and shall be entitled to discharge or 
continue to discharge snch trade refuse through any drains communi- 
cating with the sewers and for such purpose shall be entitled to enlarge 
or alter such drains or construct new drains and cause the same to 
empty into the sewers of the Corporation subject to the provisions of 
section 21 of the PobHc Health Act 1875. 
intention to trader requiring the Corporation to receive and dispose of 

discLarse trade refuse as aforesaid or intending to discharge trade refuse iuto any 
sewer by any dram not used for such purpose at the dale of the passing 
of this Act or proi» 06 ing to enlarge or alter any dram used for the 
piirpo«e of discharging trade refuse into any sewer shall at least one 
month before so requiring or commencing to so discharge enlaige or 
alter serve the Corpoiation with notice of his requirement or intention 
or prop<»al as aforesaid and stating the branch of industry or trade 
carried on on the trade premises nflccted and the name and postal 
address of the owner and the occupier respectively of such premises and 
every part thcieof. 

(3) The provisions of this section shall not come into force until the 
expiration of twelve months after the passing of this Act or until the 
regulations to be made as hereinafter provided shall come into operation 
whichever shall first Imppeu Provided also that in the meantime the 
existing rights of the Corporation and the traders respectively shall 
remain unaffected. 

mdaciion Tfjc owncr and occupier of any lands on in through or under 
which any drain pipe channel or outlet is situate by me.ans whereof any 
trade refuse flows or is or may be discharged iuto any sewer within tiio 
borough shall upon application in writing by the Corporation produce 
for inspection by the Corporation or their officers or agents and the 
Corporation shall upon application in writing by any such owner or 
occupier as aforcs.aid produce for inspection by him or his agents all such 
plans of such drain pipe channel or outlet or sewer as aforesaid as he or 
they respectively possess and if required shall furnish to the Corporation 
or to such owner or occupier as the case may be at reasonable charges 
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copies of all Bucli plana and such information thereon as he or they 
respectively is or are able to afford and in case of default shall be liable 
for every such offence to a penalty not exceeding five pounds and to a 
further penalty not exceeding forty shillings for every day during which 
such default shall continue. 


other work for receiving and disposing of any trade refuse ns aforesaid »- - 

or by means of a combined scheme or schemes with all necessary sewers umsor^*' 
and works may receive and dispose of the trade refuse from two or 
more manufacturing or trading premises as aforesaid apart or separately 
fiom the general sewerage system or disposal works of the Corporation. 

9. The Corporation may combine witli the local authority for anyron«rtn 
other district for the purpose of the exercise and ]ierformance of the to e^bino 
powers and duties of the Corporation under this Part of this Act TiltuoritiM 
and may enter into and carry into effect any agreements for such 
purpose. 

10. The Corporation may at the request and cost of any trader or piij>o»ai of 
other person for the time being interested in any trade premises remove * “ 

and dispose of any sludge deposit or other substance which may have 
been produced in the course of the Iteatmcnt of trade refuse upon or in 
connection with such trade premises. 

11. — (1) The Corporation may subject as Lcrcinaflcr in tliis section corponiion 
mentioned make general regulations which slmll be conformed to by * 
traders who now or sliall hereafter discharge trade refuse into the sewers ^'’S'*****®"* 
under this Part of this Act Such general regulations may include 
reasonable charges by the Corporation for the removal and dispos.al 

of trade refuse where there shall be no prclirainary treatment tliorcof or 
where there shall be exceptional circurnsLinccs ns regards volume quality 
or otherwise and such general regulations nnd charges in the first 
instance shall be settled by agreement between the Corporation nnd tlie 
traders representatives duly appointed at a general meeting of traders 
held for that purpose ns hercinalter provided or failing agreement shall 
bo settled in manner provided by the section of this Act the marginal 
note whereof is “ Pcforencc of questions in dispute." u^tinjof 

(2) A meeting of the traders for the puq>o^ of this section shall be 
Funimoiicd by not less than seven clear days’ notice by ajvcrti'cracnt in 
one or more newspaiKrs circulating in the borough and such meeting 
shall be convened by Clement lloldsworth of Shaw Lodge Halifax 
worsted manufacturer or the ebainnan for the time iK-ing of the 
Halifax Tradon.’ Commilti'C and Ic held within two months from the 
pav«ing of this Act or failing this shall be convened by the mayor 
of the Kirougli Such meeting shall act by a majority- of the tnid>-rj 
|ire<cnt. 
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lialf-ycarly instalments extending over such period ns shall be allowed 
to the Corporation for repayment of loans for sewage works not 
exceeding twenty years and such instalments shall be recoverable 
against the owner or ocenpier for the time being of the trade premises 
and until repayment shall be a charge on such trade premises. 

Apportion. (2) If tlic occupicr of any trade premises shall not be the owner 
ftmm.nt thereof or if more than one person shall be interested thcieiu either as 
wmI® owner or occupier or if the said works relate to more than one trade 
premises the amount payable shall be apportioned between the several 
interests or trade premises (a«5 the case may be) affected in such manner 
and upon such tenns ns maybe agreed between the parties interested or 
failing agreement in manner provided by the section of this Act the 
marginal note whereof is “ llefcrcnce of questions in dispute "and in 
such case the charge mentioned in Biibsectiou (1) of this section shall be 
limited to the several interests or trade premises (as the case may be) 
respectively affected. 

KiMnsof (8) Nothing in this section shall prevent any trader or person 
tfccimie interested ns aforesaid in any such trade premises from at any time or 
thnes paying off any balance for tbc time being owing of any advance 
or any apportioned advance with interest thcraon or on any portion 
thereof to the date of payment in excess of any instalments for tlio 
time being payable in respect thereof and on repayment of any 
advance or apportioned advance (ns the case may bo) with interest 
thereon the charge on the interest or interests or trade premises (as the 
case may be) respectively affected tbcieby shall bo deemed to be voiil 
and at an end. 

ExpnJituto (I) In the assessment of the annual value of trade premises for 
rating purposes any c.vpcndilure imdcr this Part of this Act required to 
be incurred by the trader to enable sneh trade premises to fulfil tbc 
requirements of any regnlntions for the time being in force witli 
respect to such premises shall be deemed to bo included in the 
words “other expenses" in the interpretation of Iho words “ net annual 
'^•nluc.” 

CoTT^ritlon (r») If any works witliin this section or any part of such works shall 
be intended or at any lime ntiliscil for domestic sewnge at the request 
or with the concurrence of the Corporation and the trader or traders 
interested therein such part of the cost of sucli works as shall fairly 
represent the value of such user shall be paid or allow ed by the 
Corporation The amount of such payment or allowance as the ca«c 
may 1 r‘ as well as any apportionment ns Itctwccn traders interested 
shall fiiiliiig agreement Iw settleil in iimnuer provided by the section of 
this Act the margma! note whereof is “ Itcfcrcncc of queatlons in 
diqiuto." 
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(C) The provisions of this section shall apply notwitlistancling 
terms of any contract of Icnanoy subsisting between tiie parties niid tenaucies. 
whicli has been entered into ■whether before or .nfter the date of the 
passing of this Act. 

15. Any trader who shall wilfnlly dischaiwe any trade refuse into any renaiir ^ 
sewer except in accordance with the provisions of this Part of this Act default, 
or of any regulations for the time being in force therennder or who 
shall otherwise infringe such regulations shall be liable on the applica- 
tion of the Corporation to a penalty not exceeding twenty pounds and 
to a daily penalty not exceeding five pounds. 

1 C. Nothing in this Part of this Act sball affect any written Sa^ 105 of 
agreement between the Corporation and any trader whereby for 
valuable consideration any trade refuse produced at or proceeding 
from the trade premises of such trader is admitted into the soweis but 
any such agreement made after the date of the passing of this Act shall 
he filed with any regulations affecting trade premises m the same 
hrancli of industry or trade and l>c subject to the like rights of 
insjiection as such regulations. 

17> Nothing in this Part of this Act shall prejudice or affect the iifH^naiiou 
rights of riparian owners or justify any infringement of such rights npanan 
Provided that if pursuant to this Part of this Act any trade rcfu«o is 
received into the public sewers in contravention of any such riparian 
lights the remedy for such contravention shall be against the Inulerand 
not against the Corporation. 

Similar clauses have been inserted m the Ilcckmondu iko Improvement 
Act, lU05,and the Iluddcrsfiefd Corporation Act, H^OC. 

The following arc the regulations agreed upon Ixitwecn the Halifax 
Corporation and the Traders. 

Gkni.ihl nraur..sTio.vs PumsUAXT to Siciio.n 11 or ini: II.m.ii’.xx 
Coirron-STiox .\ct, i‘jo5. 

1. Trade refuse shall be di'chaigcd into the sewer at a unifonn and 
n'gtiUr rate of flow during working hours fo far m rea«->naMy practi- 
cable and with due regard to sjiacc and requirements of the l)U«inos fur 
the lime licing wiricJ on on the trade premises afTi-cted. 

2. — (a) The CoqxDnitioa may con«tnict and maintain at their co-t at 

or ne.nr the outlet of the drain into the sewer an examination shaft and 
apiiaralus so de«i‘.med 05 to enable the Corpfiration or their <'.^ic•r 8 to 
obtain from lime to time samj'U* of the trade di»c5.ar,:'-tl into 

the sower. 

(h) .\ny sample (■htained by th<* Corfratiun for the parp »«-5 t>f tliii 
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Act sliall be taken in two bottles of similar size and constmetion and 
shall foithwith before removal from tlie pi-emiscs be securely sealed up 
and signed and marked with the date and time of and place wlierc 
taken by the person taking the same, and one bottle shall be left by such 
person witli the trader or his representative for the time being in 
charge of the trade premises affected. 

3. Any works shall be constructed and carried out subject to the 
general regulations and the Acts of Parliament (public or local) for 
the time being in force in the borough of Halifax in relation to the 
construction of drains and the connection thereof with the sewers. 

4. All statutory powers vested in the Corporation for the inspection 
of drains shall apply to any dram to which this Act applies. 

5. — (a) Any trader now or hereafter adopting preliminary treatment 
of trade refuse shall provide maintain and use on the space to be pro- 
vided for the purpose all plant and app-aratus necesBary and proper 
60 far as reasonably practicable within the intent and meaning of Sec- 
tion 1 1 , Sub-section (3) of the said Act to cfTect a preliminary treatment 
of the trade refuse produced by him at the trade piemises affected 
before discharging the same into the sewer or into any drain communi- 
cating tUercwuii. 

(b) Any preliminary treatment works fulfilling the re<iUireraenta 
of part (a) of this clause maintained and used at the date when these 
regulations shall come into force shall for all purposes be deemed to 
have been provided to fulfil the rcqnircmcnts of these regulations. 

0.— (fl)IVlicrcrcr the Corporation shall be entitled under the said Act to 
make any charge for the removal mid disposal of trade refuse tliey may 
charge tlie Ir.adcr in accordance with the Table set forth in the Schedule 
hereto. 

(b) In case of any induBlry not coming under one of the several 
sub-divisions of the classes for the time being mentioned in the said 
Table being hereafter carried on by any trader such iudusiry shaU 
be entered under one of the said classes as a sub-division thereof or 
shall be entered ns an addilioiml class of industry and a charge fixed 
thereunder as may be agreed between the Corporation and the trader. 

(c) The quantity of trade refuse to which any charge shall apply 
shall, subject to Clause 7, be agreed between the Corporation and the 
trader. 

7. If any dispute or difference shall at any time or times hereafter 
ari^e l)Otntcn the Corporation and any trader as to the construction or 
oj'cratioii of tho'c regulations or in case the parties shall not agree 
ujMiu any matter which is the subject of agreement hereunder cither 
jurty may refer the Rime to arbitration in accordance with .Action 13 
of the nhovc-mentioued Act. 
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8. In those regulations words anti expressions to alilch meanings arc 
nssigiictl in the Public Health Acts ami Uivers Pollution Prevention 
Act, 1870, and the aUivc-namctl Act have the same respective meanings 
unless there be something in the subject or context repugnant to such 
constructions. 

Dated this day of 1907. 

For Corporation. 

Town Clerk. 

For Traders’ Kcprcsentatlvcs. 

Chairman. 


SCHEDULE. 


TABLE OF CHAnGES FOR REMOVAL AKD DISPOSAL OF 
TRADE REFUSE. (REOOLATIO>f 6 ) 


CbM. 

Tn<)« 

! Ch»re«p»r 
\ milliou gallons 

1 

\\’oil coralline » 

1 

£■ 1 


J 


Wool washing [ 

Yarn scoanng j 

Silk washing j 

1 

10 

! 

U 

' 0 

1 

•J 

Curriers — • 



0 

0 

3 

Dripping m.akers ) 

W.oste Ueaching 1 

Tnpe dressing r — • • 
Chemical works } 






4 

Djcing ' 

.Textile printing 

Crewing 

1 





Cottle washing 

Slineral water works 

1 





Soap making 

G.'is working 

Stone sawing 

Card clothing m.anafactunng 


3 

1 

0 

0 


Grain washing 






jWirework.9 / 





Fourth Report of tub Royal Coiniissiox. 

In December, 1903, a Fonrth Report was issued by the Royal 
Commission on Sewage Disposal, dealing with the pollution of tidal 
waters, with special reference to contamination of shell-fish. 
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The Commissioners stated that they \\cre satisfied that injuries to 
health and to fisheries may he caused by the discharge of unpurlficd 
sewage into tidal waters and that some nllcration of the law is 
required. 

A change in the law is especially needed in the case of tidal waters in 
which shell-fish are laid, but there are other evils besides the contamina- 
tion of shell-fish to be guarded against, amongst which may be 
mentioned the following; — 

(1) Offensive putrefaction. 

(2) Reduction of oxygen to such an extent ns to render the water 

incapable of supporting fish life. 

(S) Destruction of the fish by poisons or the clogging of their gills 
by suspended matters. 

(4) ‘VTashing up of fmcal matter on the shore. 

(5) Formation of sludge banks. 

(6) Objectionable cootaminalion of bathing places. 

The Commission after c.arcf«l consideration concluded that shell-Sth 
which have become contaminated by sewage may convey enteric fever 
end other illness to human beings if eaten mw or m an imperfectly 
cooked conditioni and they wcic satisfied tluat a consideiable number of 
cases of enteric fever and other illnesses liad emanated from tliis souice, 
and that the evil is sufiiciently grave to demand a remedy. 

The leracdlcs eaggesWd may be divided into three general classes ; — 

(1) Purification of the sewage before its discharge into tidal natere. 

(2) Seizure and destruction of unwliolesome shell-fish exposed for 

sale. 

(3) The setting up of a competent authority to deal with all tidal 

waters, with power to control foreshores, to close dangerous 
beds, pits, ponds and layings, and m certain circumstances to 
require treatment of sewage. 

With regard to the first of these the Commission point out that the 
effluents from sewage farms, as well as from ai-tificial purification 
processes, usually contain large numbers of bacteria, many of which 
appear to be of intestinal derivation, and that sewage effluents must be 
regarded as potentially dangerous if allowed to discharge into the 
immediate neighbourhood of sheU-fish layings. 

In such cases they consider that the sewage outfall must be removed 
or the layings closed. 

In other cases, where the layings are at a considerable distance from 
the outfall and the sewage would be largely diluted before reaching 
them, treatment of the sewage might he of value in diminishing the 
risk. 

The proposal that the sale of contaminated shell-fish might be 
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prc\cntc«l I'j i'rmT«]iii;!R «n«lcr ffclinn Ilf. ti *fq. »>r ilic I’nMic 
llcalOi Ad, 1»t \l»c CutWHis^ion lo l>c ]'rndvcdW 

HFclc*®, n«i llicrc i« notlnnj: in tlicirnjij-carancc to pliclI-fiFlj 

wliich had been cxi>o‘cd to fcwagc contamination from llio«c which had 
not been Fo cxito'c^l, nnd in the |>rc«cnt ftatc of Inowlcdcc it would 
not be practicible to make the diFt motion by the aid of n liaclcnological 
examination ns a routine mca«Hrc. 

After carefully con«idcrin" the qne«lion the Commi«Mon concluded 
that the only way m which this etil can he cffcctnnlly dealt with is by 
placing tidal waters under the jnri<dictionof some competent authority, 
ntid confer upon that autlionty power to prerent the taking of slicll-llsh 
for human con«umption from any i>o«!tion in which they arc liable to 
risk of dangerous contamination, nnd to enforce regulations ns regards 
]X)lIntion both to tidal waters and aI«o to {londs, Iicds nnd layings, in 
which shell'fisli arc fattened or stored; and the Commission were of 
opinion that thcFC duties could W be«t carried out by the Hirer Boards 
recommended in their Third nejKirt, Robjwt lo an npjieal to the central 
anthorily therein suggested. 

These fUggestions hare not up to the present been acted upon. 

The Tourtli Report was accompanied by n rolnmc containing notes 
on the evidence as to pollution of fishing groonds by sewage upon 
which the recommendations of the Commission were founded. 

Along with this Report was issued a third rolnmc containing 
IlciKirts by Dr. A. C. Houston on Itactenoiogical Iiircstigations in 
connection witii the Shell-fish Inquiry, and .aKo a fourth volume m 
parts containing rcpoits to the Commission by Dr. CJ. JfcGowan, 
Dr. A. C. Houston and Sir. G. B. Kershaw, on the Ciieinical, Bacterio- 
logical, Engineering and Practical Observations on certain Sewage 
Farms which they had had under observation. 

These Hepoils contained in Vol. IV. arc of a very dctniled diameter, 
aud contain information which has been compiled ii\ a more syetematic 
fashion than has ever been attempted before. Some of this information 
has been included in the pages of the present work dealing with land 
treatment of sewage. 

The chemical standards suggested by various authorities were 
discussed, but no new standard was proposed, although certain indica- 
tions were given of the direction in which suclr a standard might be 
framed. 

On the other hand, when dealing with the bacteriological side of tiic 
question, Dr. Ilotibton was obliged to set up provisional standards ns a 
basis of comparison, and these standards will be found on p. 080, under 
the heading of Standards. 

When comparing the results obtained, it is pointed out that although 
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it was uot to be cxpcctctl that the chemical .and .bi^cteriological i-csults 
would always show a direct parallelism or that the inferences to be 
deduced from the Ecpaiatc results should in all eases be in close 
agreement, nevertheless these two aspects of the problem of scw’age 
purification me not mutually antagonistic, but are to some estcut 
related to and in sympathy with each other. 

The view is also expressed that in the present state of knowledge 
the association of biology with chemistry is to be recommended in 
connection with the disdiargc of effluents into streams, whether these 
be drinking or non-drinking w'atcr sticams. In the former case, the 
bacteriological results arc considered of more importance than the 
chemical 5 but in the latter the converse holds good, t.c., the chemical 
results are of first importance. 

The general conclusions drawn by the experts from their observations 
are numerous, and amongst the most important are that from the 
bacteriological point of view the effluents fiom land processes of sewage 
treatment arc not in a proper condition for discharging into drinking 
water streams ; 

That the cillucnte from land possess a bacteriological flora charac- 
teristic of sewage but that the microbes characteristic of soil are 
relatively absent ; 

Tliat tieatiuent on land does not seem to modify to any material 
extent the biological character of sewage, but the number of bacteria 
are reduced to a marked extent ; 

Samples of storm-water examined were almost invariably found to be 
most impure both clibmically and biologically. 

That with proper management there is no reason to doubt that land 
can purify sewage for a practically indefinite period. 

The general summary with regard to the capacity of various kinds of 
land to deal with sewage is as follows 

In the first place, tlic best kind of soil for filtration purposes (c.ff., 
light sandy loam overlying gravel and sand) can ccitainly purify to a 
remarkable extent, at the rate of 23,000 gallons of a strong mixed 
sewage per acre per 21_ hours (<f) at a given time; and over 10,000 
gallons per acre per 2t hours (6) on the year’s working of the total 
irrigable area. Further, under (/i) and (b) sets of conditions, over 
100,000 and over 30,000 gallons respectively of a rather weak sowiigc 
can bo purified to a fair although not to an altogether satisfactory 
extent. 

Secondly, with soil less well suited for filtration purposes (e.g., sand 
and p.artially peaty soil lying upon sand and gravel), from abont 25,000 
• to 40,000 gallons of sewage jnsr acre per 24 hours (//) at a given time ; 
and from about 8,000 to 23,000 gallons per aero per 2i liom-s (5) on 
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the year’s working of the total irrigable area, can be treated so as to 
yield eillucnts fairly good, but, on the whole, not quite satisfactory. 

Thirdly, with soils passing fiom gravelly loam to heavy loam or clay 
all being worked as combined Burface irrigation and filtration faims, 
from about 12,000 to o7,000 gallons of sewage per acre per 24 hours (n) 
at a given time ; and ftom about 4,000 to 9,000 gallons per acre per 24 
hours (b) on tho year’s working of the total irrigable area can be treated 
so as to yield cfSucnts moderately good, but still not altogether 
satisfactory. 

The experts conclude in the following terms : — 

To summarise all our results within the limits of a few sentences is 
impossible, but we may say in conclusion, and speaking in general 
terms, that we doubt whether even the most smtable kind of soil 
worked as a filtration farm should be called upon to treat more than 

30.000 to 00,000 gallons per acre per 24 hours at a given time (750 to 
1,500 persons per acre); or more than 10,000 to 20,000 gallons per 
acre per 24 Iiours, calculated on the total irrigable area (250 to 500 
persons per acre). Further, that soil not well BUited for purification 
purposes, worked as a surface irrigallonorns a combined surface irrigation 
and filtration farm, 'should not be called upon to treat more than 5,000 to 

10.000 gallons-pcr acre per 24 hours at a given time (125 to 250 persons 
per aero) ; or more than 1,000 to 2,000 gallons per acre per 24 hours, 
calculated oo the total irrigable area (25 to 50 persons per acre). It is 
doubtful if the very worst kinds of soil are capable of dealing qaitc 
satisfactorily even with this relatively small volume of sewage. The 
population per acre is calculated on 40 gallons of sewage per head per 
day. It is here as«iumcd that the sewage is of medinra strength, and is 
mechanically settled before going on to the land. 

Fjftii REroKT. 

The Fifth Report was issued in September, 1908, whilst the present 
edition was in the press, and it has therefore been possible to include 
here a resumd of the principal recommendations put forward. 

Tlie Report itself is a comprehensive treatise dealing cliiefly with 
artificial methods of purification, and, as a work of reference, should 
be in the hands of all engineers dealing with sewage purification 
problems. 

The Commissioners, at the commencement of their Report, express 
the general conclusion that it is praetkaUe to purify the sewage of 
towns to any degree rc<iuirc(3, either by land treatment or b} artificial 
filters, and that there is no essential diflctouce between the twopro- 
re«<sc«, for in each case the pnrification, so far as it is not mechauical. 
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Using materials which arc not liable to disintegrate ; 

Using for the body of the filter material of even size, and in the fonu 
of cubes or spheres rather than flakes ; 

Allowing thorough and efficient drainage ; 

Not overworking the bed ; 

Giving periodical rests ; 

Filling and emptying the lied in such a way as not to disturb the 
material. 

The access of suspended matter to a contact bed is, in most cases, 
the chief cause of loss of capacity, and no doubt the rate of loss can be 
greatly lessened by carefully eliminating the suspended solids from the 
sewage before filtration. 

Particulara of the cost of washing the filtering medium in contact 
beds varies according to local circnmstanccs, but particulars are given of 
the cost in several towns and it appears that where machinery is 
employed for the purpose the cost, including making up the loss of 
material but excluding the cost of machinery and its maintenance, varies 
from Is. to 2s, 2J(7, per cub. yard, with an average of Is. and that 
material waslicd by band varies from l.v. 2^{/, to 2s. per cub. yard, 
with an average of 2s. 

The average length of time which the material can be used without 
washing is four years for primary beds and ten yeais for secondary beds. 

The filtering material used for contact beds is principally clinker and 
coke, but other materials have been used, apparently with equally good 
results. 

There is some evidence of better effluents being obtained from coke 
than from clinker, but this advantage is balanced by the tendency of 
coke to shift slightly every time the bed is filled. This is likely to 
cause disintegration. 

The size of the material is important. The smaller the material the 
greater is the internal surface area exposed, and the greater the purifica- 
tion and the more efficient the removal of the suspended and colloidal 
matter. 

The efficiency of a contact bed, however, depends very largely upon 
the admission of air to all parts of the filter during the time the bed is 
resting empty. Thorough and rapid drainage is therefore of the utmost 
importance. 

For this reason, it is important that the material in a contact bed 
should not be too small, especially if the liquid to be treated contains an 
appreciable quantity of suspended matter, as some of this suspended 
matter will undoubtedly find its way into the interstitial spaces and 
prevent proper drainage of the bed. Tliis was found to be the case 
with the fine beds at Devizes and Hampton. 
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Fcreolallng Filter*. — The <]ar«lioji of the depth of percolitin" 
filters i<« one of f.>r prentcr complexity limn nt fir"! st’pht nppe.nr*. At 
mo«t places the depth lm« tixnally !»ccn dcfcnninetl hr tlic IcvcN. If 
plenty of fall has l)ecn nv.nn.'ihlc, deep filters Imxc l)ccn con«trnctotl, while 
nt places with little fall the matonnl h.\s n«ijally l>ecn laid out in the 
form ofn shallow filter. In other wools pcrcolalinp fill* rs have iionally 
been con«tnictc<l ns deep ns leads would nllow. In some cn.w^ the 
ndvant.apc of deep filters over shallow filters has ca-cn ken conshlca-d 
sunicicnt to justify the adoption of pnmpinp. 

It has thus been penerally nccepte<l timt, in the c.a«c of percolating 
filters, the deeper the material the belter the re«nlt ohl.aincd. There 
ap\>car to be gooil grounds for this conclusion. 

TIic Commissioners consider that, for practical pnrpo«c«, within 
somewhat aaide limits of depth, nnd piacn nmj'Ie nemtion and gootl 
distribution, the same amount of work cm he got ont of n ciiIh* yard of 
coarse material, wliciher It benrrangul in the form of n deep or of n 
shallow percolating filter. 

Numerous eapernuents haa'c l>ccn c,arrie<l ont a\ itli n new to ascertain* 
ing whether the nature of the material used for a filtering mnlcrinl has 
nnyelToct upon the cniuent produccal, nnd the result of the York experi* 
ments apiicars to indicate that the materials tested give results in the 
following order of merit: — 

(1) Clinker. 

(2) Coke. 

(3) Slag. 

(4) Broken brick. 

The results of the experiments indic.ntc that 

(1) Better results can be obtained [Hir unit a'olumc from n m.aterial 
w ith a rough surface than from a material w ith a smooth surface ; and 

(2) The extent of tlic ’purificition efiected by n percolating filter 
x'arres with the average length of lime taken by the sewage to pass 
through the filtering material, assuming that proper aeration of the 
filter IS maintained. 

The depth and size of percokiting filters are to n certain e.xtcnt inter- 
dependent and vary over a wide range. 

There are in reality three distinct classes of percolating filter in use 
for the purification of sewage or sewage liquors, viz. . — 

(1) Percolating filters constructed of material coarse enough (say, 
over inches m diameter) not only to give free access of air to its 
interior, but also to allow the suspended matter m the liquid free 
passage through the whole depth of the filter. 

(2) Percolating filters constructed of medium-sized m.aterial (say, 
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^ inch 111 diameter), which temporarily retards the passage of bus* 
pended matter through the filter, while allowing free access of air to 
the interior. 

(3) Percolating filters constructed of very fine material. 

TJio depth of filteis varies from 4 feet up to 10 feet. 

The general conclusions as to the size and depth of percolating filtere 
are as follows : — 

(1) That the deeper tlie filter, the better the eflluent. This holds both 
for fine and coarse material, assnmiug good distribution and aeration. 

(2) For practical purposes and assuming good distribution, the same 
purification will be obtained fixim a given quantity of coarse material, 
whether it be arranged in the form of a deep or of a shallow peico- 
lating filter, if the volume of sewage liquor treated per cube yard be 
the same in each case. 

Thus, a filter, 3 feet deep, worked at the rate of x gallons per square 
yaul per day, would give similar results to a filter 6 feet deep, worked 
at the inte of 2 r gallons per square yard. 

In tlic absence of clogging, the balance would bo sliglitlj in favour of 
the deep filter, because the greater the depth the more the errors of 
distribution would be neutralised. There must always be a limit of 
slmllowncss (say 3 feet), beyond which it would be unwise to go, for 
however good the distribution might be, if a coarse filter were con- 
structed very shallow, a considerable propmtion of the sewage would 
pass tlirough by “short cuts.” 

(8) With regard to filters of fine material, if the liquid to be purified 
were absolutely free from suspended and colloidal solids, and if thorough 
aeration could be maintained, the Btatemeut just made for filters of 
coarse material might possibly bold good for filters of fine material 
also. In practice, however, these conditions can scarcely be maintained 
with large rates of flow, and wc think that the greatest clficiency can be 
got out of a gi>cn quantity of fine material by arranging it in the 
form of a shallow filter rather than of a deep filter. Hut no exact 
quantitative statement ns to the differcnco in efllvicncy of the two 
forms can be made. 

It is iirobnblc that for the treatment of n strong sewage liquor, the 
filt'^r i-hould not be quite so shallow as for a weak liijuor, but the jioint 
has not been fully worked out. 

(1) The extent of the )>urincnLioii cflectcd by a percolating filter 
varies with the average length of time taken by the senage liquor to 
pass through the filtering material, n’^suming that proper aeration of 
the filter is maintained. 

(h) The size of the filtering material should depend, very largely, 
ujK)!! the amount and character of the EU®i>cndcd matter in the liquid 
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to be filtered. Fine or medinm-sized material undoubtedly produces 
the best cflluents, so long as it is kept free from water-logging ; but, 
unless the rate of filtration is slow, such filters soon clog if much sus- 
pended matter is contained in the liquid which is being filtered. 

The conclusions with regard to the relative efllciency of the working 
power of contact beds and peicolating filters are summed up as 
follows : — 

(1) The amount of sewage which can be purified per cube yard of 
contact bed or percolating filter varies — within practical limits — nearly 
invciscly as the strength of the liquor treated. This statement is btiscd 
on the assumption that the size of the material of which the filter is 
composed is, in each case, suitable to the character of the liquor treated, 
and that the material is arranged at the proper depth to secure maximum 
clBciency. 

(2) Taking into account the gradual loss of capacity of contact beds, 
a cubic yard of material arranged in the form of a percolating filter 
will generally treat satisfactorily nearly twice as much tank liquor as a 
cublo yard of material in a contact bed. 

(3) In the ease of sewage containing substances which b.avo on 
inhibitory clTcct upon the activity of micro-organisms, the working 
power per enbe yard of filter of either type may be more nearly equal. 
Tliia point, however, is not clearly established. 

(4) Percolating filters arc better adapted to variations of flow than 
contact beds. 

(5) Tbc effluents from percolating filters arc usually much better 
aerated than the effluents from contact beds, and apart from suspended 

arc of a more uniform character. On emptying a contact bed, 
the first fliisii is usually much more impure than the average cniucnt 
from the bed. 

(G) The risk of nuisance from smell is greater with percolating filters 
than with contact beds. 

(7) It is also found that with i»crcokting filters there is nui's'ince 
from flics, especially with filters constmeted of coarse material. In 
the warmer months of the year, such filters swarm with members of 
the PsychoiJuhie, wliicli, though appearing to breed and de\elop in the 
fillers, may usually be seen in large nniubcrs on the aalla of boii«cs 
and buildings close to or on the works. At .Veenngton and Dorking 
a small midge-likc fly with a dark body and Etrij)cd wings has np|>cared 
and causes inconTeiiicncc to the men by its bite, which gives ri^ to 
' loc.al irritation. 

Comparative Cost of Dlflercnt Forms of Final Treatment. — 
In order to give comparative statements of the co«t of the comjilctc 
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trc.ntfficnt of few.i^e Uy ^'arioRs processes, csucffil cstlinaics Jmvc been 
>n!i<le from whrcli 322 — 325, pp. 752 — 7fi2, have been compi)e<}, 

(kaUtt" witb {ami trcatiftent, contact bcik, 50(1 pcrcolaUn" filters ns tlie 
final process. 

As in tljc ca«e of the prcliniwary processes, Table 121, p, 7^*0, the 
c<«t of rvorks noccfsarily varies local contlitions ami the fij;:»rcs 
cannot lx; rc"an.tc(l as penemllj applicable. The comlttioos obtaining: 
in the hypotbeUcal ease ilcftll with in Table 121 arc assnmcil in llic cn«es 
of Tables 122 — 12.*>. It is further assumed that in times of storm ttic 
dry-weather flow is passed throngli the filters, and that in each case a 
pntjsfnclory final offlnent is to be pro<l»ced. 

. The cost of land througliont has been taken at per aero. 

In dealing with Tables 122 ami 122, pp. 750 and "OO, the soils and 
?u{>=«m1s have been divided into tlic following broad clashes. 

(Va^s /. All kinds of good soil and Piibsoj), r.^., pandy loam overlying 
gravel and rand, ns at JColtingham, CambnMgc, nnd lleddington.’*' 

II. Heavy Foil overlymg clay Rnbsnil, ns at Kiighy. 

VUi*-< HI. SriiT clayey coil overlying dense clay, as at l/ciccstcr and 
l^«lh XoTWMod, 

Since vnriattons exist in practice, botfi as rcgnnls the mctluK! of 
purificntion employed and the extent of cropping, the first of thc«c three 
clat'CS may di\ n{e<l into three K(ib*cla&«C9, ns follows ; — 

( Snb-claxx <i. TiUralion with cropping. 

S«h-cla<^ b. Filtration with little cropping. 

Siib*cla«s (. Sorfiicc irrigation ulth cropping. 

T)ic method of pnrific.ation a««iiincd for the other elapses ofFoilarc r— 
da^f It, Surface irrigation with cropping. 

Cioi* III. Surface irription with capping. IVjth a hca\y soil 
and clay FnUoikby far the greater pari tlu- panfivatiou clWclcd by 
mrfacc irrigation, though in exceptional circumstance'", Buch n'» obtain 
at I/eicc'lcr, a gocnl d<;iJ » nbo done by filtration. 

In Tnbl-'x 122 and 32.7, pp. 75t> am! "fin, the foxvage h n«snmetl to l>c 
tre.'xUd by a preliminary settlement lu tanks without chonnc.il prccipita- 
linn. Tlic sludge prodneed »a«umc«l to be di«p«'<ed of liy trenching 
lliO laud. The certt of lnl>o»r is mwn n rate i»f wages of 2 Jf. per 
X70<k for Jaloorcrs with a dm* proportion of the co'-t of mnungcmcfit. 

7*hc c<.»t of dj*trihnlum of renage on the land i'" ba‘c»I ojkoj the 
a‘Miinplu'n thil one man can attend to the «Vi«tribtilb»n of the sewnge 
f'«r ak-ut furty acvc^,a»d that the time of the men \riio tuulcrtuke 
the Fhidgin;: of the innk< will !v* avndnbHand that, in addition to tlx "c 
men, lb'* nnrtrn.'cn nfim-*! to it» tfi"' tobk arc fmplnird. 

• rjni'";’!'* , f li /• O'* / >rtH< fnrijfl''n^>{ furr nJTf-vt/ t«'n fhrM In iti'* 

*■' 'rt iM; • « it Ah trtt. t Tmtfoeii, I p. r«««— rv's 
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Loan charges for both tanks and land arc taken on a basis of thirty 
years for repayment and SJ per cent- interest. 

Returns from sales of crops are based upon the average figures of 
thirteen sewage farms which show that the net return, after deducting the 
agricultural working, may be put at about SO«. per acre of the total area 
of the farm. 

The comparisons in Tables 12f, p. 7G1, and 125, p. 7C2, arc confined 
to percolating filters of coarse material 9 feet deep and contact beds com- 
posed for the most part of mediom-sized material, but having rather coarse 
material round the drains and a layer of fine material on the surface. 

The filters arc all assumed to have been constructed on the same 
basis. Tlie concrete flooring for the percolating filters, for example, has 
been assumed to be practically the same thickness as the concrete flooring 
for the contact beds, and the cost of concrete has been taken at a fi.ved 
price thronghonl. The class of work has been taken to be of the best 
kind, the walls and the floors of the contact beds, for instance, being 
made thoronghly water-tight by rendering with cement. TIio sub- 
divisions of the capital charges have been calculated from the data given 
in the Report. 

Disposal of Sewage Sludge.— Tabic I2C (on p. 704) summarises 
the particulars of the cost of removing sewage sludge to sea in six of 
the principal works in the country where this system is adopted. 

The cost of pressing sludge vanes materially under diflercnt con- 
ditions. The wet sludge usnally contains from 90 per cent, to 95 per 
cent, of water and pressed cake about 55 per cent, of water. 

Upon this basis the examples may be divided into two groups, as 
follows 

Group 1 including towns having n population of abont 30,000 and 
upwards ''here the preliminary treatment consists either in chemical 
precipibition followed by sedimentation or in simple sedimentation, and 
where the sewage does not contain manufacturing waste of a kind likely 
to necessitate the addition of an unusual quantity of Hmc to the sludge 
befoie pressing. 

Slndge derived from precipitation or sedimentation tanks in these 
circumstances when pressed requires the addition of about 2 to 4 per 
cent, of lime, calculated on the prc&scd cake produced ; and the co't of 
pressing, including lime, fuel, labour, prcss-cIoths, renewals and repairs 
but excluding interest and sinking fund, would amount to from 2t. to 
2t. Off. per ton of pressed cake (55 per cent, water). This would 
equivalent to from 5-3rf. to C'Crf. per ton of wet sludge, containing 90 
per cent, of water. 

The interest and sinking fund charges vary from 4J<f. to \s. I</. Kr 
ton of pressed cake produced, or an average of 9tf. per ton of prvs'cd 
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would be necessary if only the dry-wcathcr flow had to be treated ; 
this area would allow of the filtration of three times the mean dry- 
weather flow, as the filters can be worked at an increased rate during 
storms. 

They go on to wy that the nsnal requirements of the Local Govern- 
ment Hoard in regard to the treatment of storm sewage should be 
modified ; they arc not suflicicntly ehistic, and, moreover, c.vpcricnce 
has shown that special storm filters, which arc kept as stand-by filters, 
arc not efllcicnt. The injury done to rivers by the discharge into them 
of large volumes of storm sewage chiefly arises from the excessive 
amount of suspended solids which snch sewage contains, and that these 
solids can be very rapidly removed by settlement. They therefore 
recommend, as a general rnlc — 

(1) That 8|)ccial stand-by tanks (two or more), should he jirovidcd at 
the works and kept empty for the purpose of receiving the cveess 
of stormwater which cannot projicrly be pa.sscd tlirough the 
ordinary tunk.s. M regards the amount wliicli may be properly 
jva'sscd through the ordinary tanks, our c\pciicncc shows that in 
storm times the rate of flow thnmgli these tanks may usually ho 
increased up to about three tunes the norma! dry-woatlier rate 
without serious disadvantage; 

(a) That any overflow at the works should only be made from tlic«o 
sjiccial tanks, and that tins overflow should ho arranged so that 
it will not come iuto operation until tlic tanks arc full ; 

(t5) That no special storm fillers should be jirovidcd, but that the 
ordinarj' filters slionld be enlarged to the extent necessary to 
provide for the filtration of the whole of the scivag6, which, 
according to the circumstances of the particular place, requires 
treatment hy filters. 

(I) As regards the overflow from the outfall sewer to the stand-by 
taiik.o, the size of the stand-by taiiko, the amount of storm 
fccwngc which should be filtertal, and the niTaiigemciits gciicnilly 
for dealing with stonn sewage at the initfall work'*, the Ilivcrs 
Hoard, or the County Council in areas in whiih no Itivcrs Ho.artls 
liavc Ikcu t«tabli«}Hd, should have similar jiowcr to that which 
wp have projvi'cd in reganl to overflows cm bmiicli sewen, arul 
the lan'.d Aulliority thould have a «imilar right of n]'|>cal to the 
Central Authority, 

It IS coii«id(.rcd iiiij'niclicable to diqr n«*; nl together with (■torin over- 
flows on dniinagc *'.wiP‘, hut it is ncftmnKndi.'l that they should In' ii-'nl 
sparingly and shoiild usually Ik* s*t so as not to nfine into (ij«.mlicin 
until Ih'* flow in tin* hratirb s'-wer is '••vvral tim* * the maxiiniirn rionnal 
dry-weathfr flow. The guitrol principle should Iw to prevent such an 
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amount of uopurificd sewage from pa««>ng over the overflow ns will 
cause a nuisance. 

The Choice of a 2fethod of Sewage Treatment. — The Belectton of 
a method of sewage disposal, and the settlement of details in connection 
with any method which it is proposed to adopt, should depend primarily 
on local conditions. 

If a saflicient quantity of good land, to which the senage can flow by 
gravitation, can be purchased for about XlOO on acre, land treatment 
would nsnally be tlic cheapest method to adopt. Or, if the c.^se were 
one in which it was necessary to obtain a high-class efiluent, it miglit be 
cheaper to pay a eomewbat higher price for good land, rather than to 
adopt arliBcial treatment, because efllncnts obtained from the treatment 
of sewage on artificial filters, ns usually carried out iu practice, are 
generally distinctly inferior to those obtained by the treatment of sewage 
on good land, and some addition to the ordinary artificial plant would 
therefore be required. On good land, a scange of average strength, 
from which the major portion of the suspended solids have been 
eliminated by tank trc.atmcnt,can be treated at about the rate of SO, 000 
gallons per acre per day, with the production of a high-class effluent. 
If the land available were of only medium quality, capable, say, of 
treating only half this quantity, its nse might still be economical, if it 
could be acquired at about £50 an acre. 

In cases where only clay land was available, it would generally bo 
cheaper and more satisfactory to provide artificial filters. 

In considering the question whether land or artificial treatment 
should hi adopted, the situation and levels of the land available arc, of 
course, important factors And whatever system is adopted, it is 
essential that the works should be so situated as to be capable of 
extension. 

As regards the selection of an artificial process, the following are the 
broad generalisations : — 

The selection of the preliminary process should depend mainly upon 
local circumstances and npon the facilities offered for the disposal of 
sludge. 

If the circumstances were such that considerable quantities of sludge 
could be easily and effectivefy disposed of, say, as wet sludge by sending 
to sea or by trenching in soil, or as pressed cake by sale or gift to 
farmer*, it would probably be best and cheajwst to adopt a preliminary 
process which removed as much of the suspended matter as possible 
from the sewage. If, on the other hand, it were imperative to have as 
little sludge and as few Binding operations as possible, then septic tanks 
- .or continuoas flow settling tanks might be cheaper. The size of the 
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place and tlic question of smell are also factors of primary importance 
in the selection of the preliminary process. 

Single contact beds will, generally, only yield a good effluent where 
the sewage to be purified is weak, and then only after good preliminary 
treatment. For the purification of partially settled weak sewage and 
for well as also for partially settled sewage of average strength, if the 
case IS one in which a good effluent is required, double contact is neces- 
sary, while, if a strong sewage has to be purified, triple contact is 
necessary unless the preliminary treatment is exceptionally good. 

In nearly every case a greater rate of filtration can be adopted if the 
material is arranged in the form of a percolating filter tiian if it is used 
in contact beds. The rate of filtration per cube yard in tlic case of 
pcicolatmg filters may, generally, be double, or nearly double, that which 
is permissible in the case of contact beds. 

As regards percolating filters, where the liquor to be treated is weak, 
and the preliminary treatment has effectively removed the greater part 
of the suspended matter, it is probably best, in most cases, to use fine 
material arranged in tlie form of shallow filters, 

"Whero the sewage to be treated is strong, and especially if the 
preliminary treatment loaves a considerable quantity of suspended 
matter in the tank liquor, it is best to use deep filters of coarse 
material, 

Wiiere the liquor to be treated contains much suspended matter, it is 
nsoally advisable to construct percolating filters of coarse material, 
U'hatevcr Vie strength of the original sewage. 

For sewages of about average strength, from which most of the 
suspended matter has been removed in the pi eliimnary treatment, either 
coarse or fine material may be used. 

It may be added that, with very well clarified weak sewage, filteis 
with a top layer of very fine matcri.'il, such ns sand, can be made to 
give good results with a rate of filtration of 400 or even 500 gallons 
per cube yard per day. In this case, however, the material must be 
washed {e.g. by upward flow of tank liquor) at short intervals of, say, a 
week. 

Standards of Purification. — ^Tlie Commission liavc coiicliicled that 
it is desirable for the Central Authority to determine the nature of tests 
uhich arc to be applied for the purpose of standard®, and tli.at it should 
bo the duty of the Rivers Roanl (in the absence of sncli Hoard, the 
County Council) to determine fiom lime to time, subject to nppeal to 
the Central Authority, what standard.^ should bo ndojitcd. 

In the first iiisl.ancc it would he convenient tliat the Coiitial 
Authority should prescribe one standard for nil non-tidal nnters, in 
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place of the existing statntorr prorisions. It wonUl then rest ^ith the 
Kivers Boanl or Connly Conncil to fir, subject to appeal to the 
Central Anthorit r, a higher or lower standard, in any case in which they 
were of opinion that the circnmstances required or justified a difierent 
standard. 

It is farther recommended that no action shonld l^e nlloncd to be 
brought in respect of damage allied to be dne to the discharge of an 
cfHnent which complies with the standard fi.ted for the water into which 
it is discharged, bnt that in such eases complaint shonld be made to tlie 
Central Anthority, and, if a primafacif case is made out, that Anthority 
shonld ascertain whether the complaint is well founded, and should 
be empowered to fix a dilTercnt standanl if the circnmstances are shown 
to require it. 

In cases where it is alleged that the cflhicnt docs not comply w itli tlic 
statutory standard, and that damage is caused by the discharge of such 
cfQcent, action should be brought in tne ordinary conrts. 

But any questions arising as to whclber the eOliiciit complies with 
the statutory standard, or ns to whether the damage has been caused by 
the discharge of the effluent in respect of wliich complaint is made, 
should bo referred by the Court to the Central Anthority for determina- 
tion. The cost of such determination should be borne by tlio parties to 
the action in such proportions as the Court map determine. 

Power shonld be conferred on the Central Aiilhoiity to Bu«petid from 
time to time the operation of any staiulaid, to allow time fur the con- 
struction of works, or for any other rea«on which, m their opinion, 
justified such suspension. 

For the guidance of Bocal Authorities a provisiouul standard of 
purity is given which will he generally satisfactory if tlic cniuciit 
complies with the following conditions. 

(1) That it should not contain more than three parts per 100,000 of 
suspended matter ; and 

(2) Tliat, after being filtered through filter paper, it should not 
absorb more than ; 

(n) 0'5 part by weight per 100,000 of dis'^olvcd or atmospheric 
oxygen in 24 hours ; 

(i) 1‘0 part by weight per 100,000 of dissolved or atmosjihcric 
oxygen in 48 hours ; or 

(e) 1*5 parts by weight per 100,000 of dissolved or atmospheric 
oxygen m 5 days. 

Central Autliority. — Finally the Commi'sionors repeat the recom- 
mendation given in their previous Reports in favour of the appointment 
of a Central Administrative Authority to deal with all questions arising 

3 D 2 
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with reference to sewage matters, and to act- as a court of final appeal 
with reference theieto. 

Among the more important questions which have to be dealt with 
under the new conditions of administration contemplated are the 
following : 

(i.) Disputes between local authorities and manufacturers as to the 
terms and conditions on which trade effluents shall be admitted 
into sewers. 

(ii.) The control of shell-fish layings so as to prevent the taking of 
shell-fish for human consumption from positions in which they 
are liable to lisk of dangerous cont/imlnation. 

(iii.) The protection of water supplies from pollution. 

(iv.) Tiio collection of information as to the aater supplies available 
in various parts of the country. 

(v.) The collection of information as to the need of water in various 
parts of the country. 

(vi.) The settlement of standards for different reaches of water. 

(rii.') Conferring powcis on local authorities, in suitable cases, to 
provide separate systems of sewers for surface water and to 
enforce the provision of separate drains. 

(viii ) The settlement of questions as to the extra amonnt of sewage 
which a local authority should bo required to treat during 
storms. 

There arc also numerous questions in regard to the purification of 
polluting liquids which, in the interests of the pabVio, have stilf to be 
worked out, and it is essential that the Central Authority should be 
properly equipped for undertaking such special investigations as they 
may fiom time to time find necessary, and for collecting aud collating 
the work done by others. 

Since 1808 considerable developments have taken place in regard to 
the disposal of sewage, and there is every reason to think that further 
changes will occur in the futore. 

Unless the Central Department keep in close touch uith all such 
changes, and from time to time repoifc on them, it is not possible for 
local authorities throughout the country fully to utilise the results of 
valnable work which is being done at many places, and hence, to 
perform their duties in the most economical as well as efficient manner. 

LoaUi OovciiyMBST Boaud iNQUinrns. 

Local nuthoiitics are reqnircd by tliePablic He.iUli Act, 1875, sect. 15, 
to keep ill repair all sewers belonging to them and lo make such seveis 
os may be necessary for cffectnaliy draining their district. 
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Sect. 17 of the same Act prohibits the local authority from makiug or 
using any sewer for tlic purpose of conTeying sewage or filthy water into 
any natural stream or watercourse, or into any canal, pond or lake until 
such sewage or filthy water is free from allcvcrcmentitious or other foul 
or noxious matter such ns would affect or deteriorate the purity and 
quality of the water of such stream, watercourse, canal, pond or lake, 
By sect. 27 the nulliority is authorised to — 

(1) Construct works for tlie purpose of sewage disposal. 

(2) Contract for the use of, puichase or lease of land or works for 
bcwagc disposal. 

(3) Contract to supply, for any jicriod not exceeding twenty*fire 
years, any person with sewage. 

These duties arc cast upon the local autliority by Che Act, and they are 

entitle d to carry out thn'^e duties m any manner, they think,fit, provided 

prage and 

For the Local Goveumiont Board’s Revised Requirements 
(1900) with respect to Sewenigc and Sewage Pisjiosal. see 
Appeiuliv in., pages 875—ti8a. 

(•' ‘'.VQit.nrj Enjinc<.Tiii{; ' Vol i. |>aRe 772 ) 

ow money 

lUl bllU puipusCA wi ^iic Avv euwjcvi, viic v, ullG Locnl 

Government Board ; and in Older to secure the sanction of the Board tlie 
works must be of a permanent character and of on adequate nature. 

Sect. 204 contains regulations ns to borrowing ns follows i — 

( 1 ) Money may not be borrowed except for permanent woiks (includ- 
ing under this cvpiession any works of which the cost ought in the 
opinion of tlie Local Government Board to be spread over a term of 
jears). 

(2) The sum borrowed shall not at any time exceed, with the balances 
of all outstanding loans contracted by the local authority under the 
Sanitary Acts or of this Act, in the whole the assessable value for two 
years of the premises assessable witliiu the district in respect of which 
fcuch money may be borrowed. 

(3) When the sura to be borrowed with such balances (if any) would 
exceed the assessable value for one year of such premises the Local 
Government Board shall not give their sanction to such loan until one 
of their inspectors has held a local Inqaiiy and reported to the Board. 

(4) The money may be borrowed for such time, not exceeding sixty 
vears, as the local authority with the sanction of the Local Government 
Board determine in each ea-sc. 

It is the practice of the Local GoTemment Board to hold local inquiries 


fit future 
that It is 

: 0)i:>y 

sorrowing 
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tliroiigli one of tbcir cngiueering inspectors in almost every case in 
jr?uc)j them sanction issonght irhcthei' the amonnfc brings the iota? Joans 
^vithin the limit fixed hy the Public Ilealth Act, 1875, sect. 234 (5), 
or not. 

The lengths of terms for repayment of loans vary mfcli the character 
of the works ; usually fifty years is given for land, thirty years for works 
of sewerage and the permanent works of disjxisal ; fifteen years for 
machinery and ten years for fencing. The Board will not allow any 
payment to a salaried oflicial of the local authority to be iucludcd in a 
loan cxcejit in cases where the cleiks are solicitors in practice, wJien they 
will allow legal costs for conveyance of land, etc. 

Tlic procedure to be followed commences with a formal resolution of 
the local authority approving of the scheme and asking the Board to 
sanction a loan of a definite sum for carrying out the works. This 
formal application must be forwarded to the Board accompanied by 
detailed pl.ms and sections of the works and an estimate of tlio cost in 
duplicate on printed forms supplied by the Board and signed by tlie 
engineer. 

The ]>!ans may be published ordnance maps of the district if revised and 
brought up to date, tracings on cloth or sun prints, and they must 
compiisc : — 

(1) A 0 iucli scale ortinaiice map, .showing the whole of the area to 
be rated for the works, on wliich the intended works must bo drawn 
with red lines, 

(2) A general plan of all sewersand works, which may be an ordnance 
map of the •jVin; scale, and should show all sewersand the positions of 
all manholes, htmpdiolcs, flushing clmmhcis, purification works and 
ontfnlis. 

(3) Longitudinal sections of all intended scuers. These should be 
plotted on sheds of double elephant size, and not on long rolls ; tlicy 
should be a-fei-cnccil uith letters or numbers at the end of each eedion 
and at all cut lines and junctions oftiibiitary sewers, and corresponding 
letters or numbers should be marked on the general plan. All levels 
should be reduced to ordnance datum, and the levels of the gionnd should 
be figured in black ink at all irn^iortant points. The levels of the inverts 
of the scuers should be figured in red at cicry change of gradient, also 
the gradients and depth belon heiicli marks. The jiositions of manholes, 
lamp-liolcs and llnsliing chambcrsmu«tccrrespond uith the plans. The 
horizontal scale for sections may be T-iD and the vcrtic.al scales largo 
enough to check the figured heights and doplfis ; 20 feet, JO feet or 1 
ficl to the inch being the usual ecmIcs adojitcd. 

(1) Ddiiil dniuings of manholes, lamp-hole*, finsliing clinnibcr.'', etc. 
These should [ inch or J iiitli to the ft*ot scale. 
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(5) A Bite ]ilan of tlic pewngc disi)osal works drawn to a scale of . 
or oO feet or 20 feet to an inch, with spot levels reduced to ordnance 
datum. It should show the boundaries of the land to be taken and the 
general arrangement of the works id block plan and the j'osition of 
carriers and under-drains if land be used as a final process. 

(C) Detail plans of all buildings, rc'crroirB, tanks, filter bods, bacteria 
beds, earners, clllncnt chambers, etc., must be inclndcd, and these must 
be drawn to scales of Budicient size to disclose the mode of construction 
in Cl cry detail ; in fact, it is usual to make these drawings so tiiat they 
may be subsequently used as contract drawings. Tlie levels of all 
im])ortafit points such as inlets, inverts, and outlets of tanks and filters, 
Bills of oicrflons, etc., reduced to ordnance datum should be marked in 
figures on tlie'O plans. 

(7) If the final cflliicnt is to be discharged into tidal waters a B['ccial 
plan showing the outfall must be prepared for 6iibmi«'!iiin to the Hoard 
of Trade. 

The c-limatcs must he preparcil m detail on printed forms whicli can 
he ohlninctl from the I<oc.d Govtrnmcnl Ro.ard, of which tlic following 
Is a copy !— 

IVOItK.S or SnWKIIAOI'.— r'5TiMATis ,ind Ditau-s. 

yiim* c/ (Vuncit 

Mill any vflhr uorlt /»• ttf i'f the h.e'net et the (i/HHetl, 

niil if if>, in iihiit I’.iueti ,««./ \$nil.ief wU they I* utk.tte ’ 

In ll,e t.ne t'f n Hu ml ll.tlruf (« ) \,imr ,f < . nr,,/*’ ry f r k ti. ^ the 

imrkt art rf/uireil I // any ,t t'.e writ lire te 

/*• exeeutf.l tn iini'lher t t-ntril uf<-ry J\',i,e, n.me «■< »«tcA tfn'rilur ry {•'.ire 

Jn the mte if an I rfin Ihttriii, e'a'e u he’fer all the I’rrett I.’ le te le'eJ are 
kiykii ilyi fejuiihille I y Ike in'iahtanle at larye 
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BRICK SEWERS. 


Name of Street 


1 A\eMse_ 

lotcmal 

1 Diameter 01 

1 Length: 

Ih'lCO 

Amount. 


orBoad. 

o 1 

[ Sener. 

1 Dimensions 
, ofSosret 

1 

[ /mils 

lineal 

yard 

£ j 

■ 

|d. 




1 






I 



N E.— Slate whether the eewcre arc to be constructed of common bricks, or of 
radiated bncks, or of rubble, concrete, or some other material. 
Radiated bricks should be used when tliey can be obtained. 

Side junctions for bouse drams should lie inserted in bnck sewers at the 
time of construction Junction pipes should be provided on all pipe 
sewers 

Forward a description of the subsoil to tlic extent of the greatest depth of 
any sewer^treoch, tunnel or heading, ascertained by trial holes or by 
borings at certain distances. 

Ifam sewers should, as far as practicable, be laid at such depth and with 
such gradients as to afford mc.tos for draining the cellars and 
bascincats of houses. 


earthenware pipe— SE\VEB.<? and drains. 


1 

Name of street 
or Boad j 

' 1 1 

1 

o 1 

Average 

drpth 

; Oimenaions 

1 

Unglli 

1 yards 

Price ! 
per 
lineal 
jartt 

Am 

' 1 

ourit 

i' ''i 

j licniarks 








! 

j j 



N.13. — Describe the pipes 

Describe the materials to be used ju making the joints, and tlie mode in 
which the joints are to be made good. 

All sewers laid underroadwaysehould have at least four feet cle.ir of cover. 
IVben this is impraclicable the pipes should bo surrounded with six 
inches of concrete. 


MANHOLES, GOLLTES AND VENTILATORS. 


DcscrijilwB of tVorh. 

1 

Number. 

nice 

' Amount 

ileni.srts. 

£ 

$ 

d 

Manholes, with moT- 
able covers, com- 
plete .... 
Gullies, complete 
Ijimpholes, com- 
jdete . . . . 1 

Ne«cr and Drnini 
Ventilators 


1 

j 



i 

u 



N.R. — Describe Ihe manliO)e% )amp*hole«, gullies ami sewer > entiiators. 
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OUTFALL WORKS, Ac. 


■ 

Am 

iwint 



!)( «criiition of Work. 

L 

• 



I’arliculars of Oulfall Work* 
fn detail . . . . 

I’.ardculars of .‘'pecial Flushing 

Works m detail 

I’articulars of Pumping in 
detail . . . . . 

Particulars of Pew age Irrigation 
Works In dct.ail . . 
Particulars of Sewer and Drain 
riusUing Anangements in 

detail 

Ollier Kijirnacs, if anj . . 

! 

1 


1 

1 


iMe (S'yHfl) 

N 1!.— Tins form »houM be 6lgne<l by the engineer of the propo«cil norks 


On receipt of llic«e docnmcnls the Board npi)oints n date on winch 
one of its engineering inspectors will hold a local inqoiry. Notice of 
this date will he sent on printed forms to the clerk to the conncil, who 
IS directed to hare the same |>ostcd in certain places. The notice states 
the name of the inspector, the sum of moDCj to be borrowed, the 
]niri>ose for which it is designed, the time and place of the inqnir}', 
and that tlic in*pcctor Mill he prepiavl to hear anj* persons interested 
on the subject of tlic iiiqiiirj’. No other notice is given or required 
than this, and it therefore behoves the opponents of any scheme if thej 
desire to I'pjwsc the application, to t.ahc steps to k«p themselves 
]H»sted of the course of c»cnl«. 

'J'lie inqiiir)- is Iiclil ill the Conncil Chamber of the Council, 

and the hour Id fl.m, 'fins time is freqoenilj ohjccUsl to bj* ralcpaycrii 
wlio cannot alTonl the time to attend during the svorkmg hours of tlic 
day, but it is vcjy r.irely tint ihc Iknrd will alter the lime 

If the oj'jilication l«c not oppo'.ed, the cas..- f r the local authority 
is prc-eiitiil by the Clerk lo the Council, a‘'i«ti.d by tbe engineer, 
jm'Jic.al ofTiAr, and other othcials, and the nltcnJancc M u*ual]y limited 
to one or two mci«l>cni trf tlic Coanril and a few ratipiur?. 

On the <itber hsnd if there l»c an orgatiwTj opj«>ntK>n, there mar l»; 
rMtirsx 1 i»Tul an arms of cxjKrt ititRi-"-es on I'-th n !t-«, and the inqairr 
i» thru t\':i.lurl«‘l on the same Ha<s u an o*dinary tV-nrt of Law, and 
tliih- jn.sy It mih a Urge atsenianor t>r tl r m- nil» rs of tl « (Vac-il 
and tin pxmral p'-l.li? that it i» t'<Te*‘-arT to alj'-um t!.* n:*»-ting to 
^ line Ja-vr pnMtC htfl ; >nrh inquirit-.. a. Ttti:''-' das* 

and rrratr a Iji'n.'c a!noa*t »f ittm**. 

.''tne'.b the «*n!r a U« It i:. js’rvl ir-to h tl •• 
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I'f iJjc fcbcjjie put A'rwnnl hy the (Viiud! ; it u^'iinlly haj>pon'-, however, 
lh«l the inocl cITeclivc mvthml of wmhalliii}; the seheine to ^lu)\Y 
lh:il llicrc is a Iveltcr iiUcrnalJvc, t«ul it it t)ic« a mailer of ur>;iuncnt 
how r.\r tlic couii'-cl aiul witncs«os c:»ii go in refcrrhi': to Uie aUcriiati\e 
whieii is not \>efore the trU'Uiial ; nccrtaiu amount of ialitmio is iisuahy 
given l>y llie insjxictor in tins clircclioii, niul it not infrequently hnpjHjtis 
tliat a scheme iml forwnni hy the opjiosition is mnnifcslly po puperior 
to tile original pro|His.il that the application of the Council is rcfuscil tiy 
the Itoanl ; in this event the Council occasionally adopt the aUernaUve 
and innke a fre«h application fora loan t«i carry it out. 

The lusiH-’Ctor rcpiims proof of the posting of the notices of the 
imiuirv, and after taking the iifiiiics of tho'«e appearing on belialf 
of the local authority and the opitosilion, he must lie funuphed with 
ivirliciilani of the arc.i, (wpuhition, ratenhlc rahic and ontstaiuling loans 

„r ll.n ,1.ctr,r» 
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but that for such \\orks ns sewers is snllicicnt to jirovido for the reason- 
able futuie population to be drained; and that for such works as filters, 
engines and pumps, etc., the units proposed arc such that additional 
un\ts can be added as the ^vjpnlation increases without upsetting the 
proposed installation or requiring an extension of the site. 

In the same way be must ascertain the present dry-weather flow of 
sewage; or in the absence of this if the sewers are not Bufiiciently 
well organised to enable gaugings to be made) he must give details of 
the water supply separating the domestic from the trade consumption, 
and an estimate of the future quantity of sewage to be dealt with, and 
the quantity of rainwater to he admitted to the sewers. Particulars 
must he giren of the proportion of population using water closets and 
baths, and of the character of the trade waste (if any). 

The sewers proposed to be constructed mnst be described with 
particulars of sizes, depths, gradients, velocities, manholes, flushing 
arrangements, methods of ventilation, quality of pipes and methods 
of jointing. 

On this part of the subject he must expect to be asked as to the 
nature of the ground to be passed through and give an estimate of the 
quantities of lock, running sand or other exceptional strata, and this 
information should be supplemented with details of trial holes, and as 
to mining operations in the neighbourhood. 

Storm orerflows must be clearly marked on the plans, and details 
given of the construction and degree of dilution of the sewage at 
which they will come into action. Unless under very exceptional 
circumstances the Board will not allow any form of overflow except 
a lelief weir over which the sewage can discharge when it reaches the 
predetermined number of dilutions of the dry-weatlicr flow. 

^Vhen dealing with the purification works, the first question is the 
land, and the Board will in every case require information ns to the 
ownership. If the local authority are already m possession of the 
land, it must be shown bow they became owners and that it is com- 
petent for them to devote it to the particular purpose ; if the land is to 
bo purchased or hired, a provisional agreement must be proiluced 
showing the terms on winch it can be acquired: or if compulsory 
powers of purchase are asked for, it must be shown that tlic owner 
is not a willing seller. 

Ifthelandis to be used for filtration or irrigation purposes, trial 
holes must be opened to enable the inspector to o«certain for biineclf the 
suitability or otherwise of the soil for the purpo'C in hand, rull 
I>articulars of area and allocation to tank«, filters, buildings, roads and 
actual irrigation are.i ; the levels as already stated nui«t l»c di«tIos''(l hy 
6i>nt levels ou the site plan. 
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(3) Overflows in unsuitable places. 

(4) Land not suitable for irrigation or filtration. 

(5) Tanks and filters not adequate. 

(C) Sludge disposal unsatisfactory. 

(7) Danger of contamination of water supplies. 

(8) Purification works too near to dwelling-houses. 

Some of these objections are fatal to the whole scheme and involve 
the preparation of entirely new proposals and a further inquiry, 
whereas others may bo met by modifications which may or may not 
receive the sanction of the Boaid without a public inquiry. 



CHAPTER XXL 


DESTRUCTORS. 

Tiik earliest F\stcms of ilispt>sing of town rcliuc consisted in the 
c«tabli?liniont of refuse tips. Usually lhc.«c were m places wlioic low 
land requircrl to ho raised or old quarries or clay pits were to he 
filled up. 

Where sito of the aho\c d(scription were not available it uas a 
common jiracticc in the outskirts of many towns to spread tlic refuse 
on land winch •*uhscqucnlly would be used for building puiposcs and a 
most objcctionalilc and insanitaiy condition of things was tlie icsult. 

This sjbteiu uf di?ivosu»g of refuse is now recognized by all autho- 
rities as being mitst objectionable and detrimental to licalth owing to the 
spreading of di'ca-c by du«t and flics into the houses m the iicighliour- 
)iot»<! as well ns from the sniell.s nrising from the dccomfjosing of the 
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Another method of dfsposing of refuse is in vogue at towns near the 
sea coast, namely to tip the refuse into the sea. 

This system is usually cheaper than burning, but there are many 
reasons which tend to malcc it nnsatisfactory. 

Owing to bad weather it often happens that the barges or steamers 
used for discharging the refuse cannot proceed to t>ea and the refuse has 
to be stored sometimes for long periods in positions where it is highly 
objectionable. 

Quantities of refuse dumped at sea find their way to the beaches of sea- 
side resorts in the neighbourhood, and this objection is likely to increase 
rather than decrease. 

Liverpool may be taken as an example of a town which commenced 
years ago with a sea^disposal system and has since largely discontinued 
it, and destructors are now used for the greater part of the refuse. 

The small number of towns which could economically utilize this 
system of disposal is an indication of its weakness. 

Destruction by fire Is without doul»t the most sanitary and, taken all 
round, the most economical system of refuse disposal, and the develop- 
ment of the modem refuse destructor has resulted from the careful 
study of the pioblem by numerous firms engaged in the manufacture of 
this class of municipal establishmeuts. 

Object of Destructors. — The object of a destructor is to convert 
the organic matter contained in town refuse into fixed and hamiless 
products by means of combustion ; the organic products present arc 
thus converted into the comparatively, if not abiolutcly, harmless forms 
of water vapour, carbonic acid ga«, aad nitrogen, nil of which are 
commonly found in ordinary atmospheric air. In order to avoid a 
nuisance, it is necessary that complete combustion should be ensured, 
and all dust arrested before the gases escape up the chimney. 

For complete combustion a high temperature m the furnace must 
be inaiiitained, and tins demands a strong draught and a well dis- 
tributed supply of air to the burning fuel. The lowest temperature 
necessary to deodorize the noxious fumes from burning ashbin refuse 
is Fahr., but a higher temjrerature, of not Ic'S tli-an 

is essential to ensure the destruction of all di-ca.'e futrins, as uell 
as the gases and ofiensive vapours gi\cn oIT Ity this me.iiis an 
cfliciont calcination and the reduction of all refractory materials 
can be effected so as to produce the minimum j)crceDtage of clinker 
and ash, of such a quality as will enable them to lx; utilized, and so 
not only mvc the expense of carting them away and tipping to waste, 
but actually become a source of re\cnne ; this is a powerful argument in 
favour of tlie employment of high-temperature destructors. An aierage 
reriduc of about onc-tliini of the Height of the un-crecned ashbin refuse 
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of clinker and ash is thus left, the two*tliirds having been destroyed 
by fire. 

Town's refuse consists normally of ashes, cinders, breeze, dust, 
animal refuse, such as bones and tlie entrails of rabbits, fish, fowls, etc, ; 
vegetable matter such as potato and apple pceliugs, cabbage lea\‘es, 
straw, paper, rags, tins, crockeiy, glass, iron, and other miscellaneous 
matters swept up in the streets and markets. 

In what arc known as the priry-midden towns of the Xorth of 
England the mixture of ashes and general refuse is supplemented by 
solid and liquid human faeces, and in some few instances sewage sludge 
is also mixed with the refuse. 

The large proportion of organic matter in town refuse causes putre- 
faction to take place more or less quickly, and then nui.sance arises 
from bad smells, particularly in l»ot weather. 

Much of this trouble might be avoided if householders would take 
the trouble to burn their refuse for themselves. There is not the 
slightest reason why every housewife should not destroy by fire all the 
organic refuse manufnctnred in her own house and leave nothing but 
asiies and dust for removal by the local authority, and there can 
be no doubt that by adopting such a system the health of crowded 
communities would be vastly improved. 

Such a state of things, however, is not likely to arise, at nil events 
until the general public take a greater interest in, and arc better 
educated about sanitary problems, than they arc at present. 

But even wlien the best possible bas been done to reduce the 
putrcscible matter in the ordinary domestic refuse, there is still the 
privy-midden refuse above referred to, and the refuse collected by the 
public authority, from sticcts, markets, alleys and yards, to be dealt 
with. 

Tlie calorific value of the refuse varies in different localities, and 
generally it may be said that where coal is cheap there the inhabitants 
are wasteful in its use and consequently the refuse lias a high calorific 
vnlae. 

Tiic quantity of refuse jw head of the population varies to a very 
marked degree. In London the collection in the Ktrand district 
IS at the rate of » cwf. |)cr head {wr annum of the population ; in 
St, Pnneras, fi'CO cwL jwr hc;id ; in Shoreditch, IPS cut. per he.ad ; nud 
the general average for the whole of tlie Metrojiolis may bo taken 
at h cut. |>cr head. In the South of England the amount of refuse is 
usually 6 cwt. jwr head; in the Midlands, 7 cirt., and in tlie Xorth 
10 cut. licr head. 

With an efficient special furnace about f* cwla. of n«bbin refuse can 
be burnt per hour with a good natural draught on a fire-grate square 
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feet in area. Tbts may be increased to one ton per honr with a fi 
draught or air pressore of from li inches to inches of water. 

Destructors should be bo designed as to involve tJie least p05 
expense in working ; the amount of handling which the refuse h 
undergo should be arranged so ns to reduce it as for as practicable 
apparatus at the same time should n(A he complicated, as, in the prc: 
of dusty and dirty material, it is sure to deteriorate very rapidly. 

The earliest deslmctors were erected in this country in 187C, 
the late Iff* Alfreil Fryer built Ids first destructor m Manchester 
in the folloa ing year at Beckett Street, Leeds. 

Both of these destructors arc BtiU m use, and at both cities addit 
improved destructors hare been built. 

The early destructors were worked with natural draught and 
paratively speaking low temperatures, with the result that the orj 
matter in the refuse was not completely converted into simple | 
and large quantities of dost were carried through the furnaces 
discharged from the chiranc)s. 

The first attempt to meet these di&icuUies was the introducti 
the “Jones cremator,” which consisted of a second furnace fired 
coke between the destructor cell and the chimney. 

The products of combustion from the cell were conducted thi 
the cremator in which a temperature ranging up to about 1,100® 
was obtained. 

The next great stride made was the introduction of forced drau; 
This principle was first introduced with a new to incrcasiQ* 
quantity of refuse which could be destroyed m a cell of a given si 
it was felt that the quantity destroyed was out of all proportion 1 
sizes of the cell, but incidentally much higher temperatures 
realized, ranging up to as much as 3,000° Fahr., and this led thi 
to the utilization of the heat produced for power purposes. 

Before considering the various destructors on the market it 
perhaps, be well to say a few words as to the principal poir 
diflerencc. 

In all the earlier types of destructor a drying-hearth was consi 
to be an essential part of the apparatus, this he.irtli being arrang 
that the wet refuse should have a preliminary drying jirocess bel 
actually reached the firing grate. 

Whilst it is desirable that the refuse to be burned should be t 
as possible, experience shows that the drying-hearth, as at first arrs 
was liable to give off gases in such a position that they wer 
completely burned before being discharged into the chimney fine. 

Tiiosc destrnctois nhich still retain the drying-hearth are 
designed so that the fumes arising from the drying process are c 
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over the hottest part of the fire, and subsequently into a compartment 
known as the combustion chamber before reacliing the boilers or the 
chimney flues. 

Further e.tperience has shown that with forced draught and careful 
firing the drying process is nnnecessary, and consequently the drying: 
hearth is not now considered to be an essential part of a destructor. 

It is necessary for snccessful working that there Bhall be in the 
passages between the fanmcc and the chimney a space in which the 
products of combustion may expand and be brought to a low velocity 
in order to deposit the dust which must inevitably be drawn out of 
the furnace ulietlier the draoght is natural or forced. 

The boilers should not be fixed too near the furnaces, otherwise they 
liave a tendency to cool the products of combustion before they reach 
their mo.umiim temperature ; there should bo a combustion chamber 
between the furnace and the boiler to prevent this talcing place. 

IVheii coQi(iaring the results obta/ued by various destructor I'Jants, 
regard must bo had to the cost of labour in firing and dinkering. It is 
possible, by increasing the amount of labour, to consume a much greater 
quantity of refuse in the same furnace, but there is an economic point 
at which the total cost per ton of refuse burnt is at a minimum, and 
any increase in labour beyond that point icsuUs in an inorcnsotl 
per cost ton of lefusc burnt. 

It is also necessary to take into consideration the calotifio value 
of the icfuse, for, as already pointed out, this varies in different districts 
and must be allowed for. 

The systems of discharging the refuse into the coll vary ; the earlier 
installations having a top feed down an inclined shoot. This has been 
varied by a front feed in which the ivholc of the refuse is shovelled in 
the front of the furnace, a back feed in which the material is shovelled 
into the back of the fnmace, and various patent mechanical charging 
apparatus such as Boulnois & Brodie’s, Hoiefall Tub System, HeenaQ’s 
& Slartcn’s. The latter is used exclusively m connection with the 
"Meldrum ” de.structors. 

These different methods of charging all have their special advantages 
and each have their advocates. 

In tliG top feed the refuse to bo burned is tipped direct from the 
collecting carts on to the feeding-floor, which is above the furnace, and 
in whicli fecding-holcs arc provided leading direct to the dryiiig-hearlh 
or furnace, and the refuse is pushed down the fccding-holc into the 
furnaces. 

This operation is one which cannot be easily regulated, ami the 
material to be burned has to be subsequently raked forward from 
the diymg'licarth or fecdlngdiole on to the furnace bara by menus of 
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long rakes worked through the clinkcring doors at the front of the 
furnace. 

Where the cells are arranged back to back this arrangement cannot 
be modified, as it is imjwssiWe to arrange an opening at tlic back of the 
cell. 

This method of charging is open to the strong objection that large 
quantities of refuse are stonul on the feeding-floor, which is more or 
less heated by the cells beneath. 

The result is a certain amonnt of cooking of the damp refuse c.Tpnscd 
to the atmosphere and the giving off of offcnsirc smells, also tlie 
creation of fine dust winch is liable to be blown about, esjicciallr when 
charging operations arc going on. 

Tlic dispersal of this fine dnst may be minimized by closing all doors 
in the building over the fcc<ling-floor, bat in practical working this 
is found to be almo’^t imi'o«siblc, and men working at the charging 
operation'!, for their own comfort's sake, allow the iloors to be open 
to afforil Funicicnt ventilation and movement of air to discharge the 
(lust and carrj it and the smells away to llm snrronnding district. 

It may be said that at the present lime with (he cfllcient dcstmclors 
now at work, the only nnisance re«alUng from the destruction of 
refuse iR that arising from (be Kfnsc stored npon the prciniecs prior to 
Its being cremated, and m the top-feeil type of destructor this nui'anco 
IS at a nia\imutii, largely owing (o (be refuse not being kept cool. 

In the ease of front*fccdmg the refa<e i-' nsnally tijijK.d from the 
collccling carls into a storage bopiKr whn.li ili'Cliargcs tbruugli 
doors fixed slightly above (he firing flexw and alxmt on a level with 
the furnneo mouth. 

It IS then Fhoicllcd direct from the ftorage hopj'cr into the ctll, and 
llii> represents charging m its simplest ami most direct form. 

In the front'fccd tyjx: i»f fum.acc there is no driing hearth and 
(he refuse is shoicllcil direct on to the firing-grate, care being taken 
by fnsjucnt charging to keep (he fire nt a uniform di-pth imd to ovc.id ns 
f.ir ns |iossibIc damping down any part of the fire, so tint eomjilcte 
combustion is obt-aincsl all oicr. 

The whole of the work of feesling isd-me with a short!, and fli-re is 
no dragging or nking of inattrini fi-nianl us in tif ti.p or l-acl f.fl 
nmingt-mcnl*. The whi-lc of the Kl»>ar l•euIg exi«'ni]''l nt the front of 
the nil without ndditional lal»i>ar fur dr3g".nri:, spmdiii" <.r l'*ic!Iirig, 
innk« s this fist cm of fi-oilirg an cctmotnical o''t, an 1 s m- of ih- l)wi*t 
hlsiiir C"tf for I'Uniing arc ohtaireJ with tl e frcnt-f-tsl irjic. 

It I' ohj'is tel by some that with the fo-t t s’ orePirc fif.} il ^ c!i'.l*r 
i* withdrawn fo’ni tie same i!»t a* t’ ri'-ch w!.i !j i’- rtfe^^ 
u fid. 
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This objection, however, is not a valid one, as c.Tpericncc has sIiotth 
that there is no diflicnUy at all in arranging the clinkcring operations 
m ns not to intcifcrc with the feeding, and it must be borne in mind 
that every steam boiler which is hand-fired is open to tiie same objec- 
tion. Ati examination of the clinker produced by front-feed furnaces 
(loinonstratcs beyond doubt that there need be no icason wliy 
there should not bo complete combustion with a front-feed type of 
furnace. 

The main advantage presented by this system of firing is the case 
witii whicii the fire can be regulated, the refuse being fed into a hot and 
active cell in small quantities, and by this means rapid distillation and 
cremation arc provided and a uniform temperature is maintained. 

In dealing with the firing of coal into an ordinary boiler the main 
object of all stokers, whether human or mechanical, is to apply fuel in 
small quantities in the proper place at frequent intervals, and this, it 
is contended, wn be better done by hand work in a destructor witli a 
front-feed than by any other system. 

In the hnek-foed type of destructor the refuse is tipped usually to ft 
feeding-floor or hopper, from which it is shovelled through an opening 
nt the back of the furnace on to a drj ing-licartli at the back of the 
grate. 

This system of firing involves the raking forward and spreading of 
the material from the drying-hearth on to the firing-grate, and this 
operation m only be performed in the same way as witli the top-feed, 
namely, by rakc.s worked from llie front of the furnaces through the 
clinkcring doors. 

It will thus bo seen (Imt there is an additional operation in thh ■ 
sjstcm over the front feed, and that the only material difitTcnoc Iwtwccn 
the lop and back feeds is that the refuse is not stored upon a platform 
over the cells. 

In most hack-feed insinuations the refuse to be stored is lijipcd on to 
the charging or feeding-floor, and is shoiellcd thence into the furnace, 
but there is no reason why there should not be an arrangement of 
hoppers similar to the front-feed, in which the refuse could be stored, 
and thus avoid the objection of haring a quantity of refnso stored ujiou 
an o[)cn floor. 

The regulation of the fire and the labour necessary to drag and level 
tlic rcfu'c from (he drying-hearth to the fire is less than in the ease of 
a lopfecd cell, and the cost of labimr is found to be Ic.'s in tliis sy>tcm 
than in the top-feed type. 

Turuitig tifst to the mechanical syslems of feeding, in Ik'uluoiR d. 
l5n«lie’H whtrJi is iRanufaUurcvl hy Idnulove, .\ll»*ltA Co., 

urtiu”lit-in*n trucks arc provided nt»o«t S feet aide and U feel dccj«; 
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each tnich is divided into compartments, each of which contains 
snfficient refuse for one charge of the furnace. 

The trucks run on rails placed over the cell, and are moved by means 
of a wincli and endless chain. 

The trucks are arranged with a tipping-floor at snch a level that the 
refuse can be shot direct from the collecting carts into the trucks. 

This involves an additional platform about 18 feet above the clinkering* 
floor level, and the typo of deslmclor must be a top feed. 

When it is desired to charge a cell, a track is moved until one of 
the compartments is immediately over the feeding-hole of the cell. 

Each compartment of the tracks has a sliding door at its base, which 
is moved away when the sliding door covering the opening of the 
furnace is removed. Tho refuse then falls direct from the track on 
to the drying-hearth. 

The advantage of this system is that the storage of the refuge is 
in a portable form and is cool, ami a fnrthcr advantage is found in 
the absence of labour in handling the refuse, which makes tlie process 
cleanly and sanitary. 

There i«, of course, an additional capital cost, and the system involves 
the dragging of the refuse and spreading it over the grate. 

In the Ilorfifall Direct Charging System a large bln or hopper is 
arranged on the (op of the cells, the top of the bin or hopper being 
level with the lipping floor, its ba<c l*eiog formed by an cxlendcd 
table above tlic dryingdicartli 

Tho rofiisG IS tipjwd direct into the b<»p|)cr or bin and is fed from the 
bin on to (he drying-hearth. 

To prevent .the rcfii'c in the bin from catching fire, troughs filled 
with water arc arranged ronnd the feed openings, and the lids covering 
the 0 [>cniiigs into tho cclK each weighing nbont ] J tons, arc suspended 
from travelling winches mnning on raiK 
Tlic'o winches are so arranged that by a few turns of the handle the 
covering Vuls can l>c raised a few inches above the trough and water 
seal, and they are then carried clear of the oj>oning. 

The objection to this system is the long rake irhnh h.is to be nse»l 
by the stoker to drag the refuse forward fi«m tlie drving-flonr on to tlie 
grate, lliis is very dilTicull and heavy work, and daring the ojo’ration 
large Mdiimos of cold air ivi's into the cell through the oj)cn door, 
tending to reduce the Icmpcralnrc of the fumaec. 

Me«r<, Horsfall have introduced s tal>-freil system, in wludi tlse 
refu<c is di«charged fnvn the carts info itora::® tubs fitted with saitalle 
covers which enable tbrm to l«e closed when not aetcallv in c‘e, #.nd 
the storaire thus lake* phice ia cIoH-d vc'sels 

The TtfuH' is dis.-barged diivct from the tclis into the cells ihrongh 
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n uatcr-scalcd cliarging door, and is then lakcd forward as in tlic 
previously described system. 

For a further description of this, see the description of the Horsfall 
destructor which follows later. 

In the case of Jlarlen's patent charging apparatus, the apparatus 
consists of n wrought iron hopper placed on the top of the cell and 
immediately over the drying-hearth. 

Tlic hopper is providcil with travelling gear which enables it to be 
moved to any cell required. 

The refuse is tipped fiom a platfonn into the Iioppcr and is charged 
direct into the cell. 

The cell is so arranged that the mass of refuse can be readily raked 
forward and levelled, it being possible to roach it both from the side 
and back of the cell, and the stoker is able to push a great deal of it 
foiward from the back, where it is not necessary to use a long rake and 
the workman is enabled tocarry on his operations under cool conditions. 

The cost of working by this system npi>c.irs to bo c\ccptionalIy low. 

The chief objection to the system is the question of storage, as the 
system requires ptorage in carts This nnolves the provision of a 
largo number of additional carts, winch incivases tlic capital cost. 

The sliding hopper base covering the clinrgmg hole is jicrfectly 
gaslight, and there is no csea]>c of gases during the cliarging operation, 
and ni the event of anything liapjiening to the liopjior the dcstnictor 
can be used as an ordinary to]> fcc<l. 

Tliis form of apparatus involves a high charging platform about 
18 feet above the clinkcring floor. 

In the Ilccnan system of feeding a modification has been introdiicotl 
with a view to reducing the labour involved m spreading the niatorial 
over the grate. 

A ram is placed in such a position that it can push the icfusc from 
the hopper on to the grate. The working parts of this system arc simple, 
and it is worked by |X)wcr gear. 

The stroke of the ram is, however, necessarily limited, and the 
varying nature of the refuse to be dealt with makes it almost impo«:- 
Pible for a system of charging of this character to be perfect, and it is 
found ncccsc-ir)' to supplement the work of the ram by hand labour. 

Turning nc:it to the question of forced blast, we find that tlicrc 
arc two systems in u«e, namely, steam jet blowers and funs. 

Tlic relative advantage of these two systems is again a question about 
wliieh much has been s.aid and written. 

The advocates of the fan sy.stcm i»oinl out that, in actual steam con- 
sumption, their mcllioil has an advantage 01 cr the steam jet, and lids 
apparently is the chief point which can be claimed for it. 
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Tlic Plcam jet, however, is found to be equally as efheient as the fan, 
anil in point of first co't and maintenance it has a great advantage over 
the fan whilst it is an exceedingly simple appliance and cannot very 
well get out of order. 

On the other hand, fans are costly and liable to get out of order. 
Depreciation on moving machinery is alwajs an important item, and 
they rcipnrc far more attention than a steam jet. 

The consumption of steam by steam jets is, however, an important 
matter, especially where the heat from the destructor is to be utilised for 
power purposes. The steam jet may nse anywhere between lO per cent 
and 40 per cent, of the total steam produced Whereas with a fan blast 
only some 3 percent, to f» percent, of the steam evaporated in the boilers 
is required to operate the fan engine. 

It is objected by the advocates of the fan that, with a steam jet, 
moisture may be deposited upon the cooler parts of the boiler and 
economiser tubes. 

This objection, Iiowevcr, docs not appear to be borne out in practice, 
and in some cases of large modem destructor installations, with fan 
draught, provision is made for turning on a supply of steam previous to 
clinkcring ns an aid to that process. 

The question of adding water-gas in combustion is also of importance. 
The tcmpcinturc of a destructor cell is usually sulficienlly high to dccom- 
jwso the steam and produce water-gas during the passage of the steam 
through the fuel ou the grate. 

The clinker removed from the grate bars of a steam blower driven fur- 
nace differs .essentially fiom that removed from accll worked with a fan. 

In the foi mcr ease the underside of a clmker has n hard and vitreous 
appearance, leaving the surface of the bars with comparative case. 

With a f.in draught, unless supplementary steam is used, the labour 
involved in clinkcring is materially increa'icd. The fire bars suffer 
through the adhesion of the clinker, and the cost of fire bars is 
eiccsslre. 

The introduction of the forced draught in destructor practice, as 
already stated, led to the utUisaliou of the waste heat for steam raiding 
for jvower purposes, and this in its turn has led to the introduction of 
hot air to the blast, thereby increasing the efficiency of the cell com- 
bustion and the steam production in the boilers. 

The hot blast is obtained in the Horsfall destructor by driving the air 
through air boxes placed on the sides of the firing bars in the cell. 

In the Mcldnim legcneralive system the whole volume of hot gases 
after leaving the boiler is carried throngb a system of pipes somewhat 
similar to an ordinary economiser, and in the Heenan destructor a 
similar system of air heating has been adopted. 
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The introduction of the hot air blast has been very effective in reduc- 
ing tlie quantity of moisture in the refuse, and has rendered practicable 
the omission of the drying hearth. 

In determining upon the type of destructor to be used, the question 
of uhat hind of boiler is to be adopted mnst be considered, and this 
in turn must largely depend upon the use to which the steam is to 
be pub. 

Hitherto the two types of boiler used have been the Lancashire and 
water-tnbe boilers, and in a few cases multitubiilar boilers have been 
adopted. The latter, however, arc not suitable, as, owing to the large 
quantity of dust to be dealt with, the tubes rapidly become choked, 
and the effective heating snrface is quickly reduced. 

Generally speaking, the Lancashire boiler has an advantage over the 
tubular boiler in steady steaming. The fluctuations in the steam 
pressure of tubular boilers are found to be very marked. 

In addition, the Lancashire boiler provides largo steam and water 
spaces, which are of the highest utility, especially where steam is taken 
irregularly as in electric lighting. The storage of steam and water 
under such circumstances is of great value in meeting the fluctuations 
of steam consumption, and also the variations in the quality and con- 
dition of the refuse. They are also simple in construction and 
economical in upkeep. 

On the other hand, tabular boilers have the advantage in the 
possibility of obtaining a greater amount of heating snrface on a given 
space, and a greater absorption of radiant heat than in the case of the 
Lancashire boiler, and this feature is one of great importance, especially 
in dealing with installations placed on sites where land values are 
high and the area at disposal is restricted. Also, tliis type of boiler is 
more easily cleaned and kept free fiom deposits of dust than the 
Lancashire type. 

Having now considered the points to which attention should be 
given in selecting a destructor plant, descriptions will be given of 
the principal types of destructor now on the market. 

These may be divided into two classes, namely : — 

(1) The slow combustion furnaces. 

(2) The high temperature and forced draught furnaces. 

In the first division the only representative now in use is the Fryer’s 
destructor with the Jones’s fume cremator. 


CiiisR I, (Srxnv CoMnusTiOK). 

Pryor’s Destructor with Jones’s Fumo Cremator. — At Ealing 
Sewage IVorks this destructor was de\elopc<l and improved by !Mr. Charles 
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Jones M.Inst.C.K., so that he is able to bnrn the sludge from tlie 
precipitation tnnhs with the aid of the refase, without previous press- 
ing. Jft. Jones’s view is that cv’crj town produces sudicient refuse 
to burn its sewage sludge, and in onlcr to effect this he mixes the sludge 
with the house refuse. A very few days after the sludge has been 
pumped into the ash-beds all the draining and drying necessary has 
taken place, and the material hums readily. 

In 1887, with the aid of four cells, the destructors at Ealing dealt 
with the sewage sludge of a population of 19,000, and the house refuse 
of 22,000. It was found at first that the smoke from the chimney 
created a nuisance, in consequence of a certain amount of vapour given 
off by the fresh fuel passing into the flue without coming into contact 
with fire. This led to the invention of Jones’s fume cremator (Plate 
•LXXXl., p. 790), which consists in the introduction of a “ratifllc” 
furnace, intermediate between the cells and the main shaft. Thus 
everything coming from the cells, burnt or unburat, has to pass 
through an intermediate furnace, producing absolute combustion. This 
cremator is kept gomg at a cost of 4s. Crf. per day, the fuel being coke* 
breeze, and the increased combustion gives additional steam for engine 
purposes, and, by accelerating the dranght, assists very materially the 
combustion in the cells themselves. The total cost of the destructor, 
cremator, and chimney was about .£2,000. 

The report of Professor J. A. Wanklyn. on the result of the sj'stem 
at Ealing is as follows 

“ On 9tli December, 1887, 1 paid a visit to the Ealing (Southern) 
Sewage Works, where all the house refuse and nine-tenths of the sewago 
from the Ealing district (population, 22,000) is dealt with. 

“ At these works there is in operation a 4-ccll * Fryer’s Destructor,’ 
together with certain adjuncts designed by Mr. C. Jones, the engineer 
to the Ealing Local Board. ‘Jones’s Fume Cremator ’ especially attracted 
my attention. Readings of the temperature were made at the time as 
follows : — 

In pa'sigc from cclh to ‘ Fume Cremator’ CIO® Fahr. 

In ‘ Fume Crcm.itor * ... . l.CTO’ „ 

After leaving ‘Fume Cremator' ..... 1,100® , 

“At these temperatures, and in presence of the accompanying air, 
all septic poisons are destroyed, and oi^nic compounds are resolved 
into carbonic acid, water, and nitrogen gas; only the minutest traces 
of cmpjreumatic products could survive and pass away through the 
shaft into the general atmosphere. No hann to the health of the 
commiintty is to bo expected or feared from these products.’’ 

The cells more recently made arc 2 feet 3 inches longer than 
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pliown in tliu ami pivp IwUcr ri-‘'iiUs ; the single blocks 

lire al-'O coii'^iilea'd l)ettfcr than donhlc lilock*-, hick tn hiu-k, htinji more 
leadily lu-ccfi'iililo liotli at liack ami front. 

The miinlicr of cells miv\ in u‘>e (nni^) is ten. anil tliey cuiisnnic 
lM tons a ilny from a ]>o])uIntion of ori.ono, in luldition to the foiva^'c 
phnljic, IVotn a poimlation of 1 * 8 , 000 . 

For the ilcstrnclor itMjlf no macliincr)' is ntcc«‘«.iry, hut if it he desired 
to titilfse tlic heat giren off to wi«c «foain, a boiler is reqnin-d. Other 
innehincry, of ctuiree, depends upon the requirements of the Morks. 
At Kalin" there is a six horse-iwarcr on"ine, which drives tlic litnin" 
machine, clay mixer, winks’ lift, chain pninp, special jmmp, sludge 
ram, mortar-mill, etc., and there is steam Rullicicnt to work all the 
above and adililioual machinery if required. 

A conoidcrablc savin" is hem" cITcctcd by nsln" the liard clinker ns 
a base for tar paving, thereby caiisin" a saving of jji) per cent, ; also on 
a concrete jwviu". ahich c.in hi* laid for :)s. per yard sup., York paving 
costing ()3. }f/ per yard «up. The finer material from aslipit, which 
contains a good deal of rcc.alcmcd lime, makes a splendid mortar mixed 
with one p-trt of lime to fire of a«h, and the clinker when gitunul makes 
a good mortar witli usual proportions. I>nrmg the years 1890 and 1901, 
numerous additions were made — further cells were erected on the Ealing 
model and foix-ed draught w.is appUcil to the old cells ns well ns the 
new. The inode of dealing with the Bliidgc was al«o altered owing to 
it being necessary to utilise space, and sludge presses were erected, and 
the sludge Is uow* pressed, and the resulting cake taken to the destructors 
and burnt. 

The residuum, orclmkcr, from the destructors is used in varions ways 
for flag making, road making, concrete walls, and as filtering medium 
for bacteria beds. 

Ill 1901 a complete installation of concrete slah-paviiig was laid down, 
producing 1*00 slabs per day. 

The steam icquircd for driving engines on the works is obtained 
from two muUitubular boilers capable of laising steam for 100 H.P. 

Class II. (High TE.MPBnA.TURK). 

Meldrtim*B Patent “ Simplex ” Regenerative Refuse Destructor. — 

This destructor is illnstrated by Plates kXXXII., p. 708, and 
LXXXIII., p. 800, which show the airangemcut of an installation on 
this system erected at Preston in 1901. 

The plant consists of four units, each unit containing four fire 
grates, combustion chamber, Lancashire boiler and regenerator. This 
installation embodies all essential features in the latest practice of the 
firm. 
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The Preston destructor is fed from the front ; the refuse is tipped 
from the tipping floor into a long iron hopper, which forms one side 
of the firing floor of the four units, the bottom of the hopper being ^ 
slightly raised nbo^e the firing floor, and this enables the fireman to 
shovel the refuse from the hopper direct into tlie furnace mouth 
without depositing it upon the firing floor. 

Tlie furnace doors are counterbalanced and arc easily raised for 
charging. 

Tlie principle of construction adopted in this type of destructor is 
to have a single furnace for each nnit, bnt the furnace contains four 
grates, each of which has its separate firing door, but there are no 
divisions hetween the grates, so that there is a continuous fire from 
‘end to end of the furnace. 

There is a separate ashpit for each grate, and the ashpits are 
separated by walls, so that tlie foiced draught which is supplied through 
the ashpit can bo cut off or regulated for any grate as required. 

The advantage claimed for this arrangement of continuous firing in 
each furnace is, that when cliargiug operations tabe place, tlie products 
of combastion of the newly*chargcd grate will pass over and mingle 
with the products of coinbustion from other parts of the furnace, and 
by this means a more even high temperature is maintained than when 
the fire grates arc separated. 

The products of combustion pass over a bridge into a combustion 
chamber where the further mingling of the gases takes place, and the 
heavy dust from tlie furnaces settles and is separated from tlie products 
of combustion. 

After passing through this chamber the products of combustion in 
the Preston case pass through u Lancashire boiler. 

In other installations water-tube boilers have been adopted and arc 
equally applicable. 

. After passing through the boiler and its gettings the products of 
combustion pass through the regenerator, which consists of a scries ot 
tubes, and tiicnee pass to the mam fine and throngh a Green’s 
economiser to a dust chamber at the base of the chimney shaft. 

The function of the regenerator is to heat the air required for tlie 
forced draught. The air passes through the regenerator outride the 
tubes through which the products of combustion are passing, and is 
raised in temperature to some 400® Fahr. 

It then passes along a hot air conduit which dips tinder the com- 
bastion chamber and delivers into the ashpits. 

The forced draught is supplied either by centrifugal fans or steam 
jet blowers. 

The advantage of a hot air supply for forced draught is great, and 
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enables refuse of low calorific ralae when Batunited with moisture to 
be rapidly dried and become quickly ignited. 

The cold air inlet to the regenerator can be arranged to ventilate the 
destructor building and thus obviate the danger of nuisance from the 
fresh refuse which is stored in the bnilding. 

The combustion chamber traps the major portion of the dust passing 
Over the grates, about 75 per cent, being so separated, and this at a 
point from which it can be conveniently removed from day to day. 

Another dust trap is provided in the pit immediately underneath the 
regenerator, and thus practically the whole of the dust is trapped 
before reaching the main flue. 

The dust rising in the chamber over the grate is of sufficiently high 
temperature to partially fuse, and adheres to the fire-brick arch in the 
form of a stalactite, materially adding to its life. 

■\Vhen quantities of butcher’s offal, fish, etc., liave to be disposed 
of a special direct charging hopper 'is provided, for the purpose of 
introducing such objectionable material direct into the destructor cell 
without iiandling. 

This hopper 13 always arranged at the eud of the destructor cell 
farthest from the combustion chamber. Immediately underneath the 
hopper a hearth is provided level with the grate. The receptacles con* 
tainmg the offal are brought into the worhs by means of an overhead 
gantry and are emptied into the hopper, the offal at once falling upon 
the health below. 

The gases as distilled from this offal must tlicn pass over the entire 
grate area from end to end and finally through the combustion chamber, 
thus securing perfect cremation within the cell. 

When dealing with whole carcases of cattle, horses, etc., a simple, 
direct and convenient means is provided for lowering the carcase whole 
into the combustion chamber. 

The position of the combustion chamber in relation to the destructor 
furnaces is such that the entire volume of high temperature gases roust 
pass through it, and it is therefore perfectly adapted for the cremation 
of large carcases. 

The temperature maintained in the combustion chamber is, on an 
average, about 2,100® Falir. 

A diagram of temperatures in a destructor of this make at Nelson 
shows a ma.\imum temperatnre of 2,700** Fahr. and a minimum of about 
1,700° Fahr. 

The Nelson destructor was tested in July, 1003, by the iranchestcr 
Steam Users Association ; the leading results may be of interest and are 
quoted here. 

The estimated mean temperatures in the combustion chambers on 
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the two dajs over which the trial extended were 2,GS1° Fahr. and 
3,32C° Fahr. 

Tlie refuse consumed was tahen from exposed ashpits, and consisted 
principally of cinders and kitchen refose. 

The water evaporated per lb. of fuel, from and at 212® Fahr. was 1*7 
lbs. on the first day and 1*88 lbs. on the second, 

A test of the results obtained during a five weeks’ run of this 
destructor from January 2nd to February 4th, 1904, was made 
by 3Ir. J. A. Priestley, the Soperintendent of the Health Department 
of the Nelson Corporation. 

The furnaces contained 100 square feet of grate area with the same 
boiler as mentioned in the previous test. 

The total weight of refuse destroyed in this period amounted to 
781 tons IG cwt. 2 qrs , which gives an average quantity of 18 tons 
12 cwts. 1 qr. per day. 

The water evaporated per lb. of refuse from and at 212° Fahr. was 
2'12 lbs., the average steam pressure 130 lbs, average temperature of 
feed water entering boiler 150® Fahr., electricity generated per ton of 
refuse (average including banking) 42 B.O.T. units, maximum units 
generated per ton of refuse, 104. 

At the Metropolitan Borough of IFoolwicb, at the Destructor and 
Eleetrlevly ‘Works a,t Plvimstead, sv test waa caTvied out ou Match 
29th and 80th, 1904, by the National Boiler and General Insurance 
Company, the test extending over twenty^fonr hours. 

The destructor in this case was a single unit having four grates, three 
only being at work at the time of the test, the grate area bemg75 square 
feet. The boiler was by Babcock A Wilcox, with a total heating 
surface of 827 square feet, and was fitted with Babcock & Wilcox 
superheater 270 square feet heating sarface and a Green’s economiser 
with 1,920 square feet of beating surface. 

The total refuse destroyed was C2j tons in 24*4 hrs., the weight per 
hour being 5,805 lbs., the weight of refuse fired per square foot of 
grate jver hoar being 77*4 lbs. 

The evaporation of water from and at 212° Fahr. per lb. of refuse 
was 1*92 lbs. 

The temperature of the forced draught m ashpit was 392° Fahr., 
the pressure in ashpit 2 in. of water, temperature of feed of boiler 
241° Fahr., steam gauge pressure 195 lb«., temperature of steam into 
superheater 385*7° Falir., temperature of Bte.vm out of superheater 
503° Fahr. 

The Preston destructor already referred to is a combiued destructor 
and power station, the power being ntilised for tramway purposes. 

A lest carried out on one unit gave the following results : — 
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Grate area 100 square feet, Lancashire l>oilcr 30 feet by 8 feet 'witli a 
lieatin" surface of 08G feet. 

Total refuse destroyed in twenty-four hours, 00 tons 10 cwt. 

Water evaporated iWm and at 212* Fahr. per lb. of refuse, 1‘7 lbs. 

Temperature of combustion chamber, 2,28S° Fahr. average and 
2,700* Fahr. mavimura. Temperature of air on leaving regenerator, 
470* Fahr. Temperature of feed to boiler, 222® Fahr. 

Steam gauge pressure, 166 lbs. per square ineb. 

AVeight of refuse fired jxjr square foot of grate per hour, C2\"i lbs. 

Electrical output per ton of refnsc 100*24 B.O.T. units. 

The front feed type of destructor was introduced and has been 
strongly advocated by Jlessrs. Jleldrom Bros., Ltd. A larger number 
of furnaces on this lyi>c ate at work on the simplex system than 
either the top or back-fec<l types. It is nrged that the front-feed type 
gives better combustion, and consequently more thorough cremation of 
refuse and higher evaporative cdicicncy, with somewhat less lalwur than 
is obtained witli the top or back-feed t}]>es. Generally it lias been 
proved that better working results arc obtained aitli tliis type of feed 
than any other. 

However, the patentees also construct destructor plants on top and 
back-feetl installations to meet the views of their clients and to suit 
the uaturo of tlic refuse to be dealt with, and have scvoml plants 
of these ty|>c3 in sacccssfii) working, both in this country and 
abroad. 

Examples of the" iUeldrom ”simplc.x type ordestrnetor can be seen at 
the places named, and also at Sheemess AVatford, Chatham Dockyard, 
East Ilam, Smethwick, D.irwcn, Holyhead, Ipswich, Stoke-on-Trent, 
Lancaster, BadclifTo, Hereford, Shipley, Clecklicaton, Weymouth, Ecclcs 
and other places. 

Tho “ Beaman & Boas ” Destructor.* — This dc’^tructor is illus- 
trated in Plate LXXXIV., facing p. 802 . 

The nio<t recent installations on this syctum are Avorking at Bolton, 
Bangor, Kiiigsbin-on-Tliaincs, Christchurch, S.'A., and Tooaa oomha, 
Qiucnslnnd. 

The destructor erected at Hncken S«wT.ngD AVork«, for the Bolton 
Corjx)nilion, is of the most modern design, and cmbtHlics nil tlic recent 
improvements, being p|)ccinl1y de-signctl nnd suitable for bnrningtown’s 
refuse nnd scivai'c slmlge combined. 

The destructor plant consUts of eight cells built in pairs side by side. 


‘ Th'- “I’fstp.Mi A. IV-at’* «lr«troctir pnlrnt««trc piirchi-oH v 

Mciitruni Ur’w , l,m.. In thr year 
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Each pair of ce)Is has a* common combustion chamber, from which 
the heat generated passes into a main fine, the hot gases from each 
cell altornatelj' ijnitiiig with and consuming the green gases from 
the other. 

From tlie main flue the heat passes into two branch flues, in each of 
wliich is erected a 100 h.p. “BibQOck & Wilcox” boiler (each having a 
heating surface of 1,790 superficial feet), between the water tubes of 
which it passes and thence travels forward up the chimney. If desired, 
the heat from the destructor can pass directly into the chimney, but as 
stpam power will invariably be icquircd for a variety of pui poses, these 
occasions will be larc ; tins amingeraent is regulated by dampers 
provided for tlie purpose. 

The sludge cake, ashpit and street refuse to be burnt are discharged 
tlirongb hoppers on to a health leading to a horizontal grate, the bars 
of which arc set very closely together. The ashpit is closed and forced 
draught is supplied by a fan. 

Beyond the grate aud opposite the end to which the refuse is fed, is a 
firebrick chamber wall, and beyond tins is the combustion chamber, 
where, iTnecessary, the burning gases meet a secondary air supply 
designed to aid the combustion of any uno.xi<liscd products which they 
may contain. 

In the illustration of this type of plant, in Plate LXXXIV., p. 802, 
it will bo seen that an additional grate is provided beyond the combustion 
ebamber for ordinaiy coal firing. This grate is by no means essential, 
but for a steam raising plant it is found to be a useful standby to 
have the ordinary coal fired fittings supplied with the boiler, so that 
should any bhoiinge of refit'c take place the boiler can be worked 
with coal. 

The sludge and refuse about to be burnt, lying upon the drying 
hearth of the cell, are partially dried by the radiant lieat from the refuse 
burning on tbc grate, and when pushed forward on to the grate by the 
stoker do not smother the fire but burn readily. 

In normal working, each pair of cells can easily destroy completely 
20 tons of mixed house refuse and sludge cake [>er twenty.four hours, 
without giving rise to any objectionable smell, smoke, dust, or any other 
form of nnisance. 

The heat generated will cvajwrate in the boilers about ^ lb. of water 
per 1 lb. of mixed sludge and refuse. The temperature m the cells, 
when the forced draught is working, registers 2,000’ Fuhr.; and averages 
in the combu''tion chamber l,5uo^ Fahr. 

Tlie following figures of a test carried ont at Bangor, on this type of 
de-tructor, will bo of interest ; — 



802 


SANITARY ENGINEERING. 


TABLE 128.— RESULTS OF TESTS ON REFUSE DESTRUCTOR. 


(Bobougr of BAKGOn.) 
Particulart, 


Uth Per, 1503. 


Time of start 2.45 p.m. 

Time of finish 10.0 p.m. 

Duration of test 71 hrs. 

Weather Fair. 


Type of furnace B. A: D. 

Number of cells or grates 2. 


Effective grate area (per cell 25 square feet) 50. 

Type of boiler B. A: W. 

Heating surface of boiler ... .. .... .. 1,619 sq.ft. 

Total weight of refuse, inclnding tins 1.1 tons 5 cwts — 29,680 lbs. 

Weight of tins, etc 5 cwts 1'88% — 560 lbs. 

Nnmber of times No. 1 furnace chargcil .. . 8 times. 

Number of times No 2 furnace charged 9 times 

Average weight of each charge l,712-9 lbs. 

Wcieht of refuse butneil 13 tons— 29,120 lbs. 

Weight of refuse burnetl per hour 4,016 lbs. 

Weight of refuse burned per square foot of grate per hour .. 80 32 lbs 
Weight of refuse barncil per sq ft of boiler beating surface 

per hour 2 48 lbs 

Clinker StonslOcwts — 8.512 lbs. 


Proportion of clinkcr to refuse burned ... 29 2% 

Combustion chamber, ashpit and flue dust (approx ) ... . 8 8% 

Total 38 0% 

Weight of water evaporated 47,000 lbs. 

Weight of water, average per hour (actual) .. C, 482 lbs. 

Weight of water per lb. of refuse (aclo.aI) 1 ’014 lbs. 

Weight of Avatcr from and at 212® Fahr 1 978 lbs. 

^Velght of water per square foot of boiler heating surface (actual) 4 lbs. 

Maximum temperature at boiler inlet . About 2,.'j00®Falir. 

Approximate average temperature at inlet Over 2,000® Fahr. 

Maximum temperature at boiler outlet 610® Fahr. 

Average temperature at 604 2S® F.-iIir. 

Maximum tp'r.peiature at chimney base 375® Fahr. 

Average temperaturt at chimney base 345® K.ihr. 

- Wrticr entering ccomuaiscr .... . . .. 46® Fahr. 


Water leaving economiser . . 151®Falir. 

Temperature of gases before economiser 604 2S® F.ahr. 

Temperature of gases after economiser 345 0® F.ahr. 

Average ashpit pressure No 1 furnace Ijjins. 

Avomge ashpit pressure No 2fam.ace I in 

Average on Nos 1 and 2 furnaces I 086 ins 

Maximum ashpit pre«snrc, No. 1 furnace 2 ins 

Maximum ashpit pressure. No. 2 furnace 1 ins 

Sraximum pull at chimney base 2 in. 

Minimum pull at chimney base i in. 

Average pull at chimney base c} ms. 

CO* in flue ga«es CO* 0 CO 

Highest reading 19 9% 9‘6% 0% 

liOwcst re.ading 10 8% 0 6% 0% 

Average re.ading 17'8% 2 37% 0% 



Plate LXXXIV. 


In and deas** refuse destructor. 
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TABLE 125— 


lit/i Dec. 1903, 


Average Icrapcraturc of foc^l-watcr E. 

Aven»;;c l>oilcr pressure 187'C lbs. 

Electrical output— total 11.0 T. units gcneratcil ilnring test ... 7C4 units. 
Electrical output— total ll.O.T. units gcncratol dunn^ test per 

ton of refuse SS 1 units. 


Xoxrs.— Of tlic nborc refuse some 3 tons 17 ctrt. were taken from 
a tip which had been exposed to the weather for montlis, and was of n 
wet and rcry inferior quality. 

The actual duration of the lest, *>., until the destructor fire was 
huraed off, wa« ns above, bnt the boiler continued generating steam 
until 11. in. 

The de«trnctor was started from banked fires, llie combustion chamber 
being quite black ; at ll.lo p.m. it was a dnll red. 

Steam was blowing off during the major portion of the test, and one 
of the engines was running light to get rid of the snrplns steam, otiicr* 
wise the electrical output would hare been considerably higber. 

The advantages of tins system are embodied in the “ Mcldrnm " 
simplex top*fcod type destructor. 

The Herefall Patent Pefuse Furnace. — This dcstrnctor consists 
of a number of cells or furnaces, arranged either in a single row side 
by side (Fig. 1, Plate LX.Y.XV., p 804) or back to back in one or 
more blocks (Fig. 2). Kach cell is osually 3 feet wide, the grate being 
5 feet wide by C feet long ; thus there arc 30 square feet of grate area. 
Behind the grate is a drying hearth on which the refuse is first dcpo'ittcd 
and on which it is partially dried before being raked on to the firegrate. 

As in the ease of Fryer’s dcstniclor the refuse is carted up an inclined 
road at the back and tipped into the feeding bin, for the single row cell, 
or on to the top of the furnace for the back-to-back type. The fire- 
bars arc placed longitudinally in the furnace, so that no obstrnction is 
caused to the free movement of the firing tools in the working of the 
furnace, and they are made all in one length for the same reason. The 
bars are fi.xcd, and the spaces are very narrow. 

The two types of furnace, viz , the single row t^qis and the back-to- 
back type, arc precisely similar in the general principle on which they 
work, thongli the method of feeding is somewhat different. The back- 
to-back type is preferable, except where there is a difficulty in getting 
sufficient height of tipping platform to deliver the refnsc on the top of 
the furnaces. TIio type of furnace to be adopted depends also to some 
extent upon the number of cells required, as in most cases the single 
row type IS least evi>cnsive for any nnmber of cells np to five, and the 
back-to-back type for larger destructors. On the single row system the 

3 F 2 
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refuse is fed into tbc furnace through a sliding feeding door at the back 
of the furnace, as shown in Fig. 1. In this case the work of shovelling 
in the refnse is a little bit harder than the corresponding work of 
pushing it down through the feed hole in the back-to-back type. Bnt 
to compensate for tliis the work in front of the furnace with fire-rakes is 
somewhat easier, on account of the possibility of spreading the refuse at 
the same time as the charging is being done by throwing it on to the 
required part of the grate with the shovel. In feeding with the back- 
to-back type no door is used, the bottom of the feeding hole being made 
in the form of a flat table as shown, so that the feeding hole can be 
eiricicnlly choked with refuse as soon as the charging operation is 
complete. 

The method of feeding the back-to-back type is very simple. An 
opening is made through the refuse in the feeding hole by moans of the 
prong used for feeding, and through this opening a large amount of 
refuse can be introduced with very little labour, tlie hole being afterwards 
stopped up with refuse ns at first. 

The two main principles of the Horsfall destructor arc the employment 
of very high temperatures and the arrangement of the outlet flue In such 
a manner ns to subject tbc whole of tbc gases given olf from the refuse 
to tlic highest tempomture of tbc furnace. To otl.ain these results forced 
draught is always employed, cither by means of steam jet blowers or fan«. 
The forced draught nppxratus is generally so arranged ns to draw its air 
supply from the i>oint itnraedlalcly above the refuse, ns delivered on to 
the deck of the furnace, thus lending to draw off any foul gases which 
may arise from refuse brought in in a slinking condition. The air is 
then forccil into air-ducts running alongside the main fine and divided 
therefrom only by a thin wall of firebrick. TIios any heat radiating 
from the main flue is utilisctl in warming the blast ns it pas'cs through 
the air-duct. From the air-duct the blast passes by means of suitable 
valves for its control itJto cast-iron side-bones which form the sides of 
the furnace fur about 8 inches oljove and 8 inches below the fire-grate 
surface. Tliese cast-iron side-boxes Fcrx'e a double pnrpo«c. In the 
first place they form the side of the furnace nt the part where the 
nbnv'ion of the wall by llic clinker takes place. Tlie substitution of 
metal for firebrick at this i>art of the furnace means a heavy 6,iving in 
reitfur*, since the clinker cannot adhere to them, and the furnace nrch 
cannot l«e undermined as ba«5 bevn found to happen with firebrick sides. 
Tlie S'cond pur|H»«c of the eidc-boxes is to further heat the nir for 
i‘oinbn<lii>n. The delisiry o|*enings out of the side-boxes arc nil placed 
bfl'jw the gnitc nnd none aliove it, the air l>cini: delivtn’d into the ash- 
pit* iitukr pre'^ure nt a temperature of luQ* ruhr. It tlnm pas-<-s up 
through the gnite-b.ar“, causing fierce combustion, wliieh rt«u!u in 
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a tcropcrattirc approxiciating to 2,000* Fiilir, in the furnace itself. The 
subjection of the whole of the gases evolved by the refuse in drying to 
this high temperature i? secured in the Horsfall furnace by placing the 
outlet openings from the furnace into the flues in the front of the 
furnace, and immediately over the hottest part of the fire, instead of at 
the back, as is usual with other types of furnace. The nrcii of the 
furnace is continually at a glowing hc.at, and this position of the outlet 
therefore causes the gases given off through the drying process to pa'is 
along in contact with the hot brickwork, and between it and tlic hottest 
part of the fire, before they reach the vent. 

The striking efl'ect of this arrangement in the consumption of smoke 
was noticed by Lord Kelvin and Dr. Archibald Barr, Jf.Inst.C.K , in 
their valuable report on the Bradford furnaces, in which they say ; — 

“ The effect of the hot brickwork was well illustrated by observations 
which we made on the Bradford plant. In watching, through the open 
chnkering door of a cell, the operation of raking forward a charge on to 
the grate-bars, dense smoke, as might be cspeclcci, was observed j but on 
looking through a sight hole at the end of the main flue no trace of 
such smoke could be seen issuing from the discharge end of the cell 
flue, and only tlie faintest trace of discharge (probably consisting 
largely, if not entirely, of steam) was observable at the chimney top. 
The absence of any hydrocarbons from the products of combustion, 
as shown by the analyses given below of flue gases collected at Oldham, 
may bo taken as a further indication of the completeness of the destruction 
of all organic matter in the plant tested.” 

The “Horsfall” destructor in its original form was developed by 
Jfr. 'William Horsfall, of Leeds, between the years 1887 and ] 893. Its 
first improvement consisted in the addition of forced draught by means 
of slcain jet blowers to the then e.vi6ting low temperature destructors. 
By this means the capacity was raised from 4 to 5 up to 8 or 10 tons 
ptT ceW per twenty .fouv bouis, and the cost ol working correspondingly 
bleed. 

■Mr. HorsfaH’s second improvement consisted in the provision of a 
cvliaust flue, whereby tlie ga'ies and fumes distilled fiom the 
chaigc of refuse were bronglit through the hottest jiart of the fire 
away in contact with a glowing brickwork arch. These 
■ mts were applied to the Leeds and other destructors with 
success. 

7 that the brickwork Bides of the furnace were severely 
the adherence of clinker, ond that cast iron protecting 
' not st.nnd the high lemperaturts produced. Hr. HorsfaH 
' his patent side air-bot to huild into the firebrick wall 
and having loose plates on the fire side which could 
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of llic cell, the chai^inj; door is lifted from its scat and jinslicd on one 
side, jHirmitting the movahle Iioj*i*cr to descend to tlic mouth of tlio 
hole. The crane continues to lower, mid the hinged doors at the 
bottom of the storage tub thcrcafion open, and the whole load is 
permitted to fall directly Into the furnace. The refuse falls nj>on a 
slope of brieknork which directs it towards the grate, over wliich it 
spreads itself naturally, the tluekcst p.irt Iieing at tlic rear. 

The furnace is proi idetl with grates, haring \ery small openings, and 
blast is provided by means of high-pressure fans wliich drive the air 
liirough the “ llor'fall ” new patent wct-bottomcil side boxes, by which 
the air is heated and moistened, thns combining the adt'antnges of the 
steam blast with the superior economy of the fan. 

Tlic cluirge of refuse being entirely burnt through and conrcrlcd 
into a solid clinker, the latter is withdr.\wn through a very large 
clinkcritig door at tlic front of the cell. The clmkenng door carries 
an insiiection door attached to it, through which the trimming of tlie 
fire can be accomplished without opcinug the mam door. The 
clinkermg door fits upon jilanoil faces, is counter-balanced, and is held 
up tightly to its place when closed. Tims during normal working the 
furnace is entirely gas-tight, the charging door being sealed by means 
of water and the clinkcring door hy fitting tightly upon planed faces. 

The ga«cs pass into a combustiou chamber situated at the back of 
the furnaces Tins combustion chamber communicates with the 
boilers and dust catcher, and so to the chimney. There is also a 
bye-pass Que diicct from tlic combustion chamber to the chimney, so 
that in the event of any breakdown of the boilers, or of aa excess of 
steam being generated, the whole or a portion of the gases may be 
taken by this route instead of tlirougli the boilers. 

Advantages of the “IlorsfaU” Tub-Feed Destructor. — 1. The 
objectionable labour involved in the charging of the cells by hand is 
entirely dispensed with, and the cost of working is exceptionally low". 

2. The cliarging takes place without the liberation of dust and fumes 
from the surface, tlie door being only open for a few seconds. 

3. The charging door when shut is perfectly gas-tight. 

4. The provi*ion of an inclined road or a lift for the carts is 
unnecessary, and special carts arc not needed. They can be ordinary 
tipping carts of any description. 

5. The higii blast pressure and other arrangements of the furnace 
ensure a very high temperature m the cells and combustion chamber. 

G. By the use of the new patent wet-botloiued side air-boxes the 
furnace sides are jirotectcd fiom damage by the clinker, and the air 
before cnteiing the ashpit is moistened, and at the same time heated to 
a high temperature, from 400’’ Fahr. to 500” Falir. The plates of the 
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side-boxes ^Yhicb tire exposed to the fire aie easily replaced, but in 
practice they have been found to last many years ; for example, at 
Fiilliam only two sets of front plates for the side-boxes have been 
rcrjnired in five years of hard and constant work. 

7. Tlie fui-naces are entirely lined with sjiecially made fiicbrick 
Idocks, set in special fireclay cement, and constructed to fit closely to 
one another. Tlic blocks arc sufficiently small to ensure their being 
thoroughly burnt through in manufacture, and the furnace linings can 
be most easily replaced when in comse of time they become worn out. 

8. The anangcraent of the combustion chamber is such as to ensure 
the complete combustion of the noxious gases and to prevent the 
emission of dust. 

9. The forced draught arrangements are provided in each furnace 
with automatic gear by which the blast is cut off on opening the 
clinkering doors, thus presenting the outnish of flame and smoke. 

The following examples may be given of steam raising results 
obtained on " Horsfall ” destructors : — 


T.MILE 120— STEAM RAISING RESUI.TS ORTAINED ON “HORSFALL" 
DESTRUCTORS 


I)U» of 
ErKlion 

runt 

iti^riKc burnt 
l‘rr St bour» 

Iloise 

loner 

frem 

reaiee 

Kiapora- 
tton ]N.r 
lb of 
refuse. 



Tom 

I nr. 

I.b 

1000 

Pembroke (co Dublin) Elcclricily 

18 

84 

I 2 

1001 

Stockton on.Tccs . . 

2J 

100 

1 22 

1002 

S.ili'burr Scn.njic Works 

2’ 

113 

1 23 

1002 

Miinclicstcr (51ov» SmIc) Iknh**. etc .. 

(.0 

320 

1-23 

1003 

ItmtUonl. SunbriUgc Road Electncitt 
Works 

110 

032 

1-25 

U*03 

Luton t?ewapc Works 

30 


V2% 

1002 

Rwkcnlnm l.Icctrit its Works .. . . 

.32 

101 

1 31 

Uxjl 

.tccriiiRtnn LIccincitr Works . .. 

no 

30S 

1-30 

IM'9 

llud>lcr»iieKI Sewage Works ... .. 

31 

2 parts rc- 
fu«c to 1 
of ROW age 
sluilgc. 

180 

1 42 

lO'V) 

Fiillism EIcctricilr Work«, I/>ndon, 

, ** tv. 

», 

050 

1-53 

lOol 

, Rstlc) EIcctnolT Works . 

,33 

2(i3 

1-00 


1 H.srtlt{sinl Elcctncitj XVorks 

120 

050 

1 Cl 


DiimliOH of lot^, 21 lionw to H 


It may he noted that in thce.arllcr “ Horsfall ” dc^tructorfl the exhaust 
flijcx were Fomewliat complex in cnnslrwctmn, but in the later examples 
this has l>ccn entirely modified and the whole of the brickwork, as well 
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as tlie ironwork, (loots, etc, is of the simplest, most massive and 
durable character, thus providin" against excessive cost of repairs. 

Approximate estimates of working costs may be made from (he fact 
that the cost of labour per ton on hand-fired “ Horsfall ’’ destructors 
averages Od. (at English rates of wages), and on tub-feed “ Horsfall ” 
destructors 1(7. to 5(7. per ton The average cost of maintenance and 
repairs is from 0 4d. to 0*fMf. per ton. Add to these figures the cost of 
interest and sinking fund on loan, with a reasonable allowance for 
supervision, and the total working costs are readily arrived at. 

A recent development is in the construction of special small 
destructors for hospitals, institutions, large country houses, factories, 
and the like. 

Amoug the cities and towns which have “Ilorsf.ill” destructors in 
use may be mentioned: London (Fullinm, Westminster, Finsbury, 
Chiswick, etc.), Leeds, Sheffield, Oldham, llanchcstcr, Accrington, 
Blackpool, Folkestone, Leamington, Lowestoft, Bamsgate, Southport, 
Bradford, West Haitlcpool, Newcastlc-on-Tync, Swansea, Bolton, St. 
Peteisburg, Zurich, Brussels, Singapore, Cairo, Hamburg, rcraambuco, 
Para, Bloemfontein, Durban, T#orcn 20 -Marques, etc. 

Tlio Ilorsfiill Destructor Co. have also made and supplied in con* 
ncction with many of their plants complete outfits for the crushing 
and screening of clinker, to form bacterial filler beds and the like, and 
for the manufacture of mortar, concrete flags, etc., from the hyc- 
products. 

Manlove, AlUott ti Co.'s Improved Destructor.— -A destructor 
erected by Jlessrs. Jlnnlovc, AlUott A Co., at Cobbo Quarry, Liverpool, 
is shown in Plate LXX.XVI. (p. 810). 

The destructor comprises eight cells each of which consumes 12 to 15 
tons of refu'se per day ; the chavging is effected by means of Boulnois 
& Brodie’s patout charging apparatus (Figs. 2 and 3, Plate LXXXVI.), 
which consists of two trucks for each cell or furnace, each of which is 
divided into* six compartments; the chaigc contained in one compart- 
ment varies from Cewt. to 8 cwt., depending on the nature of the 
refuse. The trucks run on rails over the feed holes ; the cover of the 
cell and the bolloni of the compartment of the truck can be simul- 
taneously opened, when the charge of refuse at once drops into the cell, 
and immediately afterwards the cell and compartment arc again clewed 
up ; thcwholc operation is aqacslion of seconds, and there is practically 
no du«t evolved and no smell di«cngagcd. The u«c of this apparatus 
involves (he following advantages: itprovidea ample storage for the refuse, 
and effects at the same time a great saving in the cost of handling it. 

rourl*oiIers of the** w.ntcr-tnl* type*’ are employed in connt-ction with 
the ctlls, and proJua- at a pressure of ISO Ib«. jer fj|uare inch. 
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Eide-boscs ^Th}cl^ nre exposed to the fire aie easily replaced, but in 
practice Uiey have been found to last many years ; for example, at 
Fullmm only two sets of front plates for tlie side-boxes have been 
required in five years of hard and constant work. 

7. Tlie furnaces are entirely lined with specially made firebrick 
blocks, set in special fireclay cement, and constructed to fit closely to 
one another. The blocks are sufficiently small to ensure their being 
thoroughly burnt through in manufactuie, and the furnace linings can 
bo most easily replaced when in course of time they become worn out. 

8. The arrangement of the combustion chamber is such as to ensure 
the complete combustion of the noxious gases and to prevent the 
emission of dust. 

9. The forced draught arrangements are provided in each furnace 
with automatic gear by which the blast is cut off on opening the 
cUnkcring doors, thus preventing the outrnsh of flame and smoke. 

The following examples may be given of steam raising results 
obtained on “ Horsfall ” destructors : — 


T.MILE 120.— STLAII RAISING UCSOLTS ORTAINED ON “HORSFALL" 
DESTRUCTORS. 


nat<< of 
Emllon 

Flint 

Uefo^ft burnt 
Hr 34 hours. 

IlOt'O 

Vom 

refuse 

tioii iier 
lb of 
refiiHO. 

1900 

rembroko (co Dublin) Elcclricit? 

Tom. 

18 

llIP. 

61 

Lb 

U 

1901 

M'orkR 

2,1 

109 

122 

1902 


23 

115 

1-23 

190’ 

• • 

00 

330 

1 25 

1900 


119 

C32 

1-25 

190.'. 

Works 

Luton Sewage IVorkR . 

30 

ISO 

1-23 

1903 

llcckcnbam JUcctrmty tVork>« 

32 

101 

1 31 

1901 

Accrington Klcctncitv Works 

on 

303 

1 39 

l&'JS 

Ilutlilcrsbcbl Sewage Works 

31 

189 

M2 

1900 

Knlliam I’.kctricity XVorks, I.omlon, 

2 p.art3 ic- 
fU'iC to 1 
of sewage 
sludge. 

131 

c«;o 

1 53 

1901 

S.W. 

Ititlev r.lcctricity Works 

3.1 

203 

1-on 

1902 

\\«»l Hartlepool Elcctnoity Works .. 

120 

o.-,o 

1 Cl 


Diimtion of 21 lioiir* to U 


It may he noted that in the earlier*' Horsfull ” dcstructorR the exhaust 
flues were Komewhat complex in conslructioii, but in the later cxamjilcs 
lliiR has been entirely modified and the ^^hole of the brickuork, as well 
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ns tlic ironwork, doois, etCt h of tlie simplest, most massive nnd 
durable character, thus providin" nfrainst excessive cost of repairs. 

Approximate estimates of working costs may be made from the fact 
that the cost of labour per ton on liaud-fircd “ Horsfall ” destructors 
averages 9(f. (at Hngllsh rates of wages), nnd on tub-feed “ Horsfall ” 
destructors id. to 5^f. per ton. The average cost of maintenance nnd 
repairs is from O'id. to 0*5/7. per ton. Add to these figures the cost of 
interest and sinking fund on loan, xuth a reasonable allowance for 
supervision, and the total working costs are readily arrived at. 

A recent development is in the construction of special small 
destructors for hospitals, inslitulions, Urge country houses, factories, 
and the like. 

Among the cities and towns which have “HorsF.iU’’ destructors in 
nse may be mentioned: London (Fulliam, Westiniustcr, Finsbury, 
Chiswick, etc.), Lccd.«, Shefiield, Oldham, Manchester, Accrington, 
Blackpool, Folkestone, licamington, Lowestoft, Bamsgatc, Southport, 
Bradford, AVest Haitlcpool, Hewcasllc-on-Tync, Swansea, Bolton, St. 
Petersburg, Zurich, Brussels, Singapore, Cairo, Hamburg, Pcmambuco, 
Para, Bloemfontein, Darbao, Lorenzo-Marqiics, etc. 

The Horsfall Destructor Co. have also made and supplied in con- 
nection with many of llicir plants complete outfits for the crushing 
and licrcening of clinker, to form bacterial filler beds and tlie like, and 
for the manufacture of mortar, concrete flags, etc., from the bye- 
products. 

ISanlove, AlUoU & Co.’8 Improved Destructor. — A destructor 
erected by Messrs. Slaulovc, Alliolt & Co., at Cobbe Quarry, Liverpool, 
is shown in Plate LXXXVI. (p. 810). 

The destructor comprises eight cells, each of which consumes 12 to 15 
tons of refuse per day ; the charging is effected by means of Boulnois 
& Brodie’s patent charging apparatus (Figs. 2 and 3, Plate LXXXYI.), 
which consists of two trucks for each cell or furnace, each of which is 
divided into* six Corap-irtments ; the charge contained in one compart- 
ment varies from Gevvt. to 8 cwt., depending on the nature of the 
refuse. The trucks run on rails over the feed holes ; the cover of the 
cell and the bottom of the compartment of the truck can be simul- 
taneously opened, when the cha^ of refuse at once drops into the cell, 
and immediately afterwards the cell and compartment are again closed 
up ; the whole operation is a question of seconds, and there is practically 
no dust evolved and no smell disengaged. The use of this apparatus 
involves the following advantages; it provides ample storage for the refuse, 
and effects at the same time a great saving in the cost of handling it. 

Four boilers of the “ water-ttibe type” arc emjiloyed in connection with 
tlic cells, and produce steam at a pressure of 120 lbs. per square inch. 






TAlll.K im— RESULTS DETAINED RY A ‘‘ MASLOVE-ALUOTT " DESTRUCTOR AT PARTICh. 
WoBKivo TWO Nivn-iioi-ns Riiirrs-EioiiTEEN HocBS with Six Houna ovr eacii Day. 
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proportion of about 25 per cent, of the refuse consumed. The wliole 
process is carried out without causing any smell, the gases being 
completely consumed in the cremator and other apparatus. 

Torquay Destructor. — ^The following extract is from <a paper by 
5Ir. Henry S. Garrett, A.M.I.C.E., Borough Engineer, Torquay, read 
before the Institution of Mechanical Engineers : — 

“The destructor is one of Messrs- Goddard, Massey, and "WaTner’s 
latest types, comprising four cells back to back, having each about 2G 
superficial feet of fire-bars, of the rocking type upon the wedge-shaped 
principle. At the back of the fire-bars, directly under the hoppers, is 
a fire-brick drying hearth with a reverberatory arch built over so as to 
reverberate the heat upon the newly-fed refuse upon the hearth, thus 
paitially drying it before it reaches the fire. Two multitubular boilers 
arc built in between the cells, the shells of which are 3 ft. diameter by 
12 ft. 3 in. long, with steam drum 3 ft. diameter by 9 ft. long, and each 
is set at a working pressure of 80 lbs., but tested up to 140 lbs, upon the 
sqnarc inch. There arc two engines, one horizontal, having a steam 
cylinder 10 in. by 20 in. stroke, and one vertical engine with steam 
cylinder 0 in. diameter. 

“ Tlie Innroutal engine is used for driving a heavy mortar mill, 
having a pan 7 feet diameter, and a 'Wnrner’s clinker mill, also for 
driving a dynamo for producing electricity for lighting the works and 
the district in the immediate vicinity of the destructor. The vertical 
engine is u«cd for driving the high-pressnre fan, air from which is 
drawn Mirough an 18-lncU iron pqKi from over the top of tlic tipping 
platform, so that the foul nir fiom the refuse may be extracted from 
the main building and passed under the fire-bars. 

“.\n (lil-jet (Tcinator has been provided in the main flue, but this 
has not jet been made use of, as the temperature in the cells has been 
found BuHicient to consume without nuisance all the refiiso delivered 
to the ili'Hlrnctor. 

“'J'lic circul.ircliininey shaft, constructed of red brick and smmounted 
by a casl-inin cap, ri«cs to a height of lf»0 feet above the ground line 
and rests n|K)n a solid bcsl of concrete 25 feet C inches square, 12 feet 
thick, c-arriid down to a depth of 19 feet below the ground level. In 
ndilititiii to k-ing n«cd In connection with the destructor, a 15-inch pipe 
frtiin the main line sewerin the immediate vicinity has been brongbt to 
ami i-oiiiicctod to the cremator ebamber. The shaft thu« acts ns a sewer 
vi’iilil.iting rolninn. The shaft is lined with firebrick to a height of 
f-0 feet. .\t the hii«e the shall ia con«tructcd a special diist-cntehing 
c1i!Uii1mt, whicli prevents the possibility of any dust being earned out at 
(he (op of (he siiifl. A inc«s-rootn and bath-room for Uie men is al-o 
proviiU-il, togidur vrith an ofllcc store ami weighbridge at the main 
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entrance. The whole cost of the work's, exclnsive of the land, amounted 
to £6,500.” 

The following tests on a dcstnictor of this type at Tottenham weie 
made on October lUh, 1905, bj Mr. “W. II. Prescott, C.E., the engineer 
to the Urban District Council : — 

TABLE 131. 

Numbers anil type of furnaces 8 GaMan), Ma«scy k Warner, with inde- 

penitent f.m to each cell 

Number of boilers and positions ... . 4 luultitubutar, betn cen cells. 

Nature of refuse Dry unscrecncil ashpit refuse of mcdiuni 

quality. 

Weather ... Dry and fine. 

Duration of test . . Fire hours, 11.30 to 4 30 

Number of men cngagwl *4 J men at r^// i>cr hour. 

1 top man at Trf. jer hour. 

I choker runner at 7if per hour, 

• One man was oolycmploycil half the time upon working the destructor. 

Total weight of refuse destroyed 22 tons, 10 cw t., 3 qrs , 21 lbs. — 50,505 lbs. 

Refuse destroyed per square foot fire. 31) lbs or 1.3J tons per cell per 24 hours, 
grate. 

cost of burning only, per loa 0|<f 

Colonrof smoke from shaft Light brown. 

Total quantity of water craiiorateil ... 4,452 gallons — 11,520 lbs 
Tcm)icrature of fccil water entering 260’ Fahr. 
boilers. 

Quantity of water evaporated per 1 lb. | lb. with fceil water at 2C0’ Fahr. 
of refuse. 

Steam pressure . .... ... . 14*, lUs porsquarc inch all through lest. 

This dcstnictor lias been adopted at Hornsey, Bournemouth, 
Winchester, Koyton, Hyde, Govaii, Kensington, Xewcastle-on-Tyne, 
St. George's, Glasgow, Sheffield, Hartlepool, M.ndms, Berlin, Birkenhead, 
and other places. It is made by Messre. Goddard, JIassey & IVarucr, 
Nottingham 

“Heenan & Proude” Destructor. — The “ Hcenan "destructor (Plate 
LXXXVIII , p. 814) is one of the back-feed class, fed by shotcl. 

The apparatus consists essentially of a suitably designed bunker or 
bin for receiving and stoiiiig the refuse as it is delivered from the 
collecting vehicle', a furnace consisting of two, three, or four cells, a 
secondary combustion and dust settling chamber, boiler, and regene- 
rator, or air-heater, with either fans or steam jets for promoting the 
necessary forced draught. 

Tfie plant is so arranged that the refuse is fed into the cells on one 
side of the furnace vvhilst the clinker is withdrawn on the other side, 
so obviating the chance of any hot clinker and refuse becoming mixed 
and causing ignition of the refase ontside of the furnaces. Also by 
keeping the feeding and clinkerii'g floors separate and on ojipo'ilc sides 
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of tlic grates, it is possible to arrange the widths and Iieiglifs of each 
floor most conveniently for the work to be carried out therein. This 
considerably reduced tlic labour of charging the refuse into the cells ns 
compared with an arrangement whereby Ihc material is charged in 
from the front on the same side that the clinkering operation is 
carried out. The grates arc arranged on what is known as the inter- 
communication principle, whereby the products of combustion fiom 
all the cells are positively mixed and intermingle in the fnraace chamber 
proper. 

The main arch of the roof of the furnace is formed in a specially 
patented undnlatiug manner, so as to accentuate this essential inter- 
mingling of the gases as they proceed towards the secondary combnstion 
chamber, the furnace being, as it should be, the primary or proper 
combustion chamber. 

Tlie several sections of the grate arc partially divided so as to 
minimise the chance of unbiimt refuse being thrown out with the 
clinker. This is very important, as it is most difiicnU to clinker one 
section of a grate without withdrawing partly burnt matter from the 
adjoining sections where the whole grate Is of a common level and 
undivided. 

The secondary combnstion chamber is an extra safeguard against 
unburnt gases passing away into the boiler, but it is provided more 
particularly as a chamber for catching and collecting most of the 
dust that is carried over from the furnace in the gases 5 fi*om Tfi pei 
cent, to 80 per cent, of the dust so carried over is caught in this 
chamber. The boiler may either be water tnbo, Lancashire or Cornish 
type, but the makers prefer the first-mentioned, as it is the most 
efficient when gas fired (which is the case with refuse destructor com- 
bination), The seatings of water tube boilers also lend themselves 
specially to the catcliing of very fine dnst, and these deposits may 
readily be removed — In fact, they may be removed whilst the boiler is 
at work. This is very different with Lancashire or Cornish type of 
boiler, where the dost in the fines is not easily got at, and remains red 
hot for several days after the plant has been closed down. Farther, 
w ater tube boilers are specially well adapted for carrying the high steam 
jiressnre required nowadays by modem steam engine makers. 

The regenerator, or air heater, consists of a wrought steel box or 
nest of wrought steel tubes aboot S inches internal diameter, set m 
brick setting between the boiler and the main flue for taking the waste 
prodnets of combustion to the chimney. The hot air for combustion 
IS introduced or forced between the tubes of the heater, either by a 
centrifugal fan or steam jets, whilst the hot waste prodnets of com- 
bustion are parsed through the tubes and on to the chimney. In this 
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way the air is liiglily heated before it is sent to the furnaces "hicli is 
a material aid to combustion and higher thermal elTiciency. 

It is preferable that the air for this apparatus be taken horn the 
upper portion of the roof of the buildings where it is most likely to be 
tainted and dust-laden, and if this be done all openings in the building 
become air inlets, and egress of dust or tainted air from the works is 
impossible. 

It may also be pointed out that the regenerator and its seatings, ns 
described above, form a most efficient catcher of fine dust, and where 
this apparatus is used no other provision for this purpose is necessary. 

The recuperative advantages of the regenerator are essential (o the 
satisfactory and sanitary combustion of any low grade and objection- 
able fuel or matter, and such apparatus sbonld never be omitted from 
an arrangement for destroying refuse by fire. 

Hecnan " destructors liave been erected at the follou ing towns : — 
Rawtenstnlt, Blackburn, Gloucester, Northampton, ^lansfield, Barrow- 
in-rurness, Birmingham, Rathiniiies (Dublin), King’s Norton, Lifford 
(Birmingham), Clydebank, Stalybridge, Stoke Newington (London), 
and IVimbledon. 

TABLE 13:— OFFICIAL TEST OP “nECNAN” P.VTEKT REFUSE 
DESTRUCTOR, KING’S KORTOK 

Date of test , . . 

Duration of test 

Number of cell* under tc«t ... . ... 

Total retu«e burnt— 25 tons 2 cwt 2 qr* 

Equnalcnt rate of burning orer 24 hours 

Hate of burning per hour .. 

Rate of burniug per hour per square fool of grate .ore.n . . . 

Total clmlwcr . . . . .... 

Percentage of clinker to total refuse 

Total w.atcr cvaporatftl . . 

ATcrage rate of er.iporation pei hour over nhole test 
Average temperature feed wtier • . . 

Average steam pressure 

Water evaporated per pound of rcfu<ic (actual) 

Equivalent evaporation per lb of refuse from and at I'ahr 
Total steam use<l by fan engine per lionr over whcile test in 
relation to total steam gcncraiol • . 

Tol.al steam u<iOd by fan engine per hour, 2pm to !) 4 'a p m 
Maximum temperature in combustion chamlicr 
Slinlmnm tcmj.crature of gases m « ombuNiicn ehamlacr 
Average temperature of ga-e^ in oiMiibu-tion chamber 

Aari:u.E Amivm-. 

7 K\mplc« taken o\cr 7’ 'V, of total time of tot 

t’ti, o ro N 

12 1 7 6 o fUi3 

I.abour cost (2 stokers at If. C<f pershift, 9 hours shift) .. 


Pel) 22nd, 100(5. 

1 i 25 hours. 

3 (1 unit) 
.*>fi,2?0 lU 
45 45 tons 
4,217 lbs 
■>7 lbs 

1 4,070 Ibt. 

25% 

I2n,9ix> lbs. 
'1.125 U«. 

43^ Fahr 
134 tbs 

2 1*. Ibi. 

2 r,i llrt. 

4 7R 

4 III 7 ll/» 

JftI Fahr 
l.^ls Fahr 
Li-dC Fahr 


C 43J r-cr'toa. 
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Piemarls.—Vhnt under test consisted of : One unit of three cells, total 
grate area 75 square feet, one water tube boiler, 1,9GG square feet heatiug 
surface, one superheater 345 square feet heating smface, one fan direct 
coupled to engine (used to prodace forced draught). 

Temperatures at two points in coinbnstion chamber were measured 
and automatically recorded by “Callender” resistance recording pyro- 
meter, also by “ Fery ” radiation pyrometer, and were found to agree 
withm 100'^ Fahr. 

The analysis of gases is an average of seven samples taken over 
75 per cent, of total period of test. 

Steam generated was blown off to atmosphere, after having been 
superheated, through an escape valve set to a lower pressure than 
safety valves on boiler. 

The percentage of steam used on fan engine was obtained by con- 
densing the exhaust over a period of 5*5 houis, the condensed steam 
being caught in vessels of known cainmity. 

I hereby ceitify that this test was carried ont under my supervision. 
(Signed) Ambrose W. Cross, A.SI.I.C.B., 

Engineer and Surveyor to the Council. 


TADM3 133 -- OFFICIAL TEST OF “IIEENAN” TATENI RBFOSK 
iJEhTUUCIOU AT THE INTEUCEFTION DEPAllTJIENT, MONTAGUE 
hTllEET, BIIIMINUIIAM 


ot lest. . 

Duration of test 

Numtior of ecIU . 

Grato area of eacii cell 

Total grate area . 

Number and type of boiler 

Total beating surf.icc of boiler 

Total refuse burnt 

Description of refuse (tnailc and domestic, containing a large 
percentagG of fine dust) 

iLatc of burning per Lour 

Rate of buTimig per boor pet square fool of grate area 

Capacity of plant for 24 lionrs at above rate of burning 

Total i\atcr Cl apomted (actual) 

Water cv.ajionitcd j*er hour 

Water evaiforatcd per pound of refuse burnt (actual) 

Equualcnt evaporation from and at 212® Fahr 

Average tcrapmture of Iced -water 

Average steam pressure maintained 

Maxitniirn temperature rcoordeil in combustion chamber f 
('• fhatelher’s" thermo-conplcil pyrometer, Callciidci’s) f 
Miinmum temperature rcconled in conibu.>tiou chambei ] 
(*■ ( liatclliir s" Ihtrmo-couplevl pyrometer, CallenderV) i 

Average ci hour readings) 

Average temj>crature ot gases entering regenerator 


April 2Glb,1003. 

hours. 

i. 

25 S(]. ft. 

100 sq. ft. 

1 Lancashire, 
28' C" X 8' C". 
1,000 sq ft. 

2G tons. 


C130 5 Ibs- 
B1 i Iba. 

65 C tons. 

ZCi-iOO lbs. 

8,052 lbs 
1-3 lbs. 

1-56 lbs. 

£>0° Fahr. 

158 Ib-i. per sq. uicli. 
2,213’ Fahr. 

1,482’ Fahr. 

1,830° Falvr. 

881° Fahr. 
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AM’rapi tcnii>cratiirc of pwa Icatlng regcncnitor Falir. 

A\cra^ tcnipomturc of air ciitoritijr n^ncntor . f.’*’’ I’ahr. 

Average tcmi«.Tilure of air K-nvin;: n'^ciicralor F.il)r. 


Avcrai'C pisainh s s (otiijilc liVcu o»cr entire {>eni>l of tc«l) — 


CO, 0 CO X 1»T 4 I 1 IT. 

l’.1% r:.% 0 802 

Snap analj'i* taVen at C ji.tn n ith Ml tloor^ Clascal— 

CO, O CO N by diff. 

1C 3% 31 % 0 80 3 

Total clinker obt.ainol, C tout 17 cwt. I nr. I.',37J Ibi. 

I'orecnt.aTC of chnkcr by weight 2C 3 

I.abour ciy-t of burnlnp ilunnp tc<t — 

2 men hours at 7<t. i>cr hour an<l one man 0) hours at 

f-f. jicr hour . 7 3<f. per Ion. 


I licrcliv certify that tliis test w.is condtiefct! tinJer my stipcrnslon. 

(Signctl) AVm. Holt, 

Sin*en»ten(lent nnd Engineer. 

“Sterline" Befuso Destructor. — The “Sterling” refuse destructor, 
ri.tlea LXXXIX. nnJ XC, pp. 818 nnd 820, may be described as a 
compound furnace haring at least two cells, each witli a dryingdicarth, 
n grate and a closed ashpit combined vith a combnstton chamber 
placed bettreeo the cells. This combustion chamber, through which 
all the gaseous products of combustion mast pass, serves the purpose 
of a soppIcmcDtary combustion and dust dc|vositing cell. It is made 
Urge enough to admit not only infected m.ittrcsscB or bedding, but 
an ox entire. It is, thcrcfoie, possible to cremate m this chamber the 
carcase of an auimal which has died of an infectious disease without 
it being necessary to cut the animal up. 

IVhcre more th.m two cells arc required they are arranged in pairs 
or sets of three on each side of the combustion chamber, making units 
of two, four, or six cells working into one combustion chamber. 

The feeding of this typo of deslnictor is Hirough a specially formed 
opening at the lop, and tlic material to be destroyed is passed through 
this opening on to the dryiDg-heailh and grate beneath. The object 
of the drying-heartli is not to dry the whole of tlie refuse, but to dry a 
small portion of lefusc m the follow lug manner : — 

When a charge of refuse, approximately two tons, is put iulo the 
furnace from the refuse storage bin the major part is at once burnt, 
but a small jxirtion, say about 5 to 10 cwt. lies at its natural angle of 
rest upon the di jing-hearth tlironghont the time that the rest of the 
material is being burnt This small collection of refuse ns soon as the 
fire has been clinkered is first of all draw'll over the bais before a fiesh 
charge of refuse is put down into the furnace, and this having been 
dried by the radiant licat of the fire forms a bed of dry, r.isily 
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combii«Ublc uitilcrial which is a very {treat to the coinliustion of 
t\^c {trecu tvh\«.e i»h\ccd ujvon the tojv of it l»y the fi‘es\\ trliargc. 

Tlic cliarglng-npcinn"* and drying-lseartli arc as far rctaovcvl ns 
po'siWe from the e\U Aw the |ta«cs to the eomimstiou chamber, in 
oTvUr t\»at nwy gwu gases ari«wg through t\ic ptcwcis of drying the 
refu'c ujvou tlic tlryingdtearth may pass over tlic liotlc«t j)art of the 
fire ami he thoroughly consumed. This arrangement, combined with 
t\\e aiternative system of worlang, so li\at one ceil, i\t any rate, is 
always in an incandc«ccnt stato, is calcuhilcd to ensure llio destruction 
of any finucs of a noxious character nhich might otherwise escape 
where tlie celU are worhed as sej^arate units. 

It ia imi'os'iihlc to keep n constant tempcralnro in the cell proper 
owing to the nccc'siiy ofo|>cning the door for the pmi'osc of charging 
ami chnkcTing, ami in addihon the material when fed to the fntmwc is 
in a cool c<mdilion, hut in this type of destructor hy judicious regiila- 
lion of the charging ami clmkcring, it is iH)ssibIc to keep one of caclj 
pa\T of furnaces at its maximum Icinporaturc so as to consume the 
comjKvr.vtivcly green ga«cs of tlic oilier when ml.xed in the common 
coinlmslion chamher. 

The c<)mbu^tioll of refuse in this destructor is aided l>y forced draught 
produced by special fan. The makers recommend the fiin in prcforencc 
to the fleam blast on the ground that the consumption of steam by the 
latter is execssne and reduces the steam avnihiblo for useful purposes. 
(Sec |»crccntagc in Test later.) 

The air for the blast is apceially heated in icgencrators fixed in the 
fines at the back of the boUcr.s. 

Tlio makers recommctid storing the refuse in tlic carts which collect 
It. This involvis extra carls and ftabling fur at least one horse at tlie 
di.«lrucior, hut they coulciid that it is the most cleanly and ccotiomicnl 
inclhod of dealing with the rcfii'-e, which uiulcr this nystcm is not 
di-itiirhtd until it is required to Ik> coiifumcd. At the same time, they 
Bupply wlnncTcr required iron refuse Ftor.igc shoots, elevated storage 
bins or flofiri*. and other Btoniig arriin"C*n)ent“, but care is taken never 
(o store llic rcfu«c on any hc.atci1 |*ortiou of the plant. 

The flornge of rtfii«e in aj*eciaUycoustruckd bins is always arranged 
('V ill*' innkcrs so that fcmi-direct charging can take place, in other 
Word*, the ojx*ning from th** storage bin is ndjacenl to the charging 
fqcjing irj the crown «*f ilie fiirmco, and consequently the hihour 
teqiitrul tci rc'iinre the refuse from the ftorugc bin into tlie fiirnafv is 
r»dtic»tl to a Tniiinmnii, sshiUl full control of the amotitil of rcfii*e put 
ii'.'.o xb‘.' foruacT at any om* time is still maintained. 

In ritl.fr of i1.«> fiinnets of this Uj"*, illnstrnt* il in I’lnti-s IiXXXiN* 
and \i*., j p, hiH and b.M*, ps iimdi nfusc as js nqtiired to ke<ji the 







DESTRUCTORS. 


819 


dcstroctor in full work throughout the night, until fresh loads of refuse 
come in in the morning, can be stored in a perfectly sanitary manner 
and can be dealt with at will. 

Inclined roads to the tipping platform are preferably provided where 
the site will allow of it, but where this is impossible or impracticable, 
transporters, hoists or elevators, according to the requirements of the 
case, are provided. 

The makers of this destructor prefer water tube boilers unless 
special icasons exist for adopting some other type. 

Dcstriiclois of this make have been erected at Barry, Aston Ifanor, 
Jlorecamhc, Hackney, Bermondsey, Gravesend, Ileston-with-Islcwortli, 
Acton, Fredericksberg, Elstree, etc. 

The following is a record of a test on the Bermondsey destructor : — 


TABLE 131 -TESTS OK STERLIKG DESTRUCTOU AT BEUMON'D^BV. 


Dale 

Average temperature ui destructor bouse 

Character o( fuel 


Kumltcr of cclb u««l 

Grate area ]<r cell 

Kumlicr of boilen u«ol 

Heating lurfacc per boiler 

Hcattns tutfaec total 

Economiser, number of tul^ 

Heating surface 

Duration «f tC't 

Refuse burned, total 

Rcfa<e burnc<l, total 

Refuse buriieil i>cr cell j'cr hour. ... 

Refuse burool jKr cell j>cr 21 hours 

Rcfu«c bumol per squire fool prate surf.tcc i>cr hour 
Rato for entire phnl of six cells per 21 hours 


. • :.J tinur. 

cnpi of Inlf. 


hourly readings 
Ewxl a titer tenijxrraturc Icivinp cci'notniM.r . 

Water cvai>ora(e»l, total (actual) 

Water cvaioriteil, total (actual) ... 

Water cTaj>orate»l per hour (actual) 

Water cvapomtcl per s^juare fi>»t of bratin^ surf tea • f 1.. 1. r« 
Water ctaporatcl I'or a-inare lo-u of heatiR. suifa'^ i f t..iUra 

and eeonomi«( 

Averape itc.a*n pressure almvc atm.r'ph) re 
Water CTajiorateil j^T jn'und of refuse (actual) . 

Water cvBporatcvl pmnd of refu.e, from an 1 »• 212 I'a'ir 

I’crecntape alMve puarantec 

Triaj^Taturr of Cue piMM Iclilnd Ui Ur*, areta.-.- ix'a ! s.'s 
I'ans in um? . . 


Jan IJtb. 1303. 
IV Fnhr, 
Un»crcciicil 
ndibin rcfii-iC 
4. 

2'. R«i ft. 

2,010 aq ft 
4.020 ft. 

200 

2,OiN)», ft 
hours 

18 1C->-0loti4 
42.ms Ibi. 
l.iM lU 
li .j’ tons. 

Ss 10 llH 
'.•3 12 tons. 

43 

33 73 tahr. 

Ps'Ji. F.alir 
.'.<112 Inhr 

pal. 

S'.' sc* I lU 

lu 

2a-'l llH 

1 3 ■ He 
147 lb. 

J Jl^ 

I '..7 I'., 
r. . ; 

ti'i la'r 
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Ti>ul uniti of cleclricity pcnerilcil fn>m rvfa^c alone iluring tc't, 

nnn-c •ri'kii'Iii;; en;;ttu'4 HSS 

K iiiUnKiit t'ltal K.ll.l'. nou-cimlcn'iii '4 ct>"uics PJ2 SO 

Atcd^'c iiniti ]>cr hour 

E'liiiTalciif E II r. j-cr hour 120 70 

Maximum units ]icr hour (ndtiftl). iion-roiul;n-(in<; 123'o 

I'.'^uiralcnt maximum K. 11. P {>crliOitr IGo’o 

Units p-ncratial {>cr ton on refuse ileitroital (nclmal), non. 

corl>1cn^In{; 30 30 

\V.at(.r CTnp«ir\tctl |>er unit, gcncmtesl, non^omlen-ting SC'SG 

Ac'V. — Steam w.as nNo supplicit throughout the tcit to the 
Poiougii Ihathr for heating jiorjKfccs, the quantity not heing 
rajvilili of inc.a'uroment. 

Tut.al chnkcr re^uiuc r*-7-3 tons. 

IVrcint.ape <if clinker to refase burnt 33 9% 

Total units u*el for forcol draught during test -13 

Ptn'cnt.age u«ctl for force*! draught during test of nctii.al total 

ilatrical units pfiieratc*! •'VRl% 

Units ]>cr ton of rtfu'C for fan 3 31 

Taking lut.al ssater csA]>orntcdaii<l allots ing the h)>cnl estimate 
pf to lbs. steam i>cr K W. hour, svouhl gisc the follow ing 

Total units guncratcil at to nM.|H:r KAV hour 

Total E ll.P. eiuiTalciit to to lbs. |*cr K.W. hour . 1,991 

Arcrape units generate*! per hour 201 

ATirage K !( P p.iicrat*.sl jKir hour 271 

K'lUisaUnt units gcneiatsal }><.r ton of refuse 79 00 


SoTK. — J. Destructor tc?l fturted nt 8.J5 am., ccJJs Jiavihi' bci\n 
liglitcel up from cold only the Hijjlit previous. V 

U. Ilffii«Q dealt with was only of nveroye quality, nnd coulnincd ri 
con-id'-Ktljlc <|W.vntity of fine, dead soil, with foine nmouiit of Kreetj 
tcgftalilc matter. | 

il. The load for the lest was provided hy tlie followin": — (1) The* 
orilinary demand for light and power; (2) Clmrgiii" the liallcry j 
(25) llcaliii" water for pnWIc liath and washhouse. i 

1. During no jurt of the test sv.is any co.al used, the entire f-tcam'i 
raising l>eing done hy the destructor frtun ordinary refuse alone. 1 

5. When IC'lcd for quanlily of rcfu'C tlestroyt.il merely, the 
dftrnctor has bunted coinfortahly i’O tons II cut. jHjr cell jut 
I ncntT-fuur lioum. 

Steam lloiMin.t. 

UtlliMtlon of Spare Heat.— Ilflorta hate been made, in maity eas* s 
firc*''sfully, to iililize llicsjare heat oblaititd in tin' pn.i<x*M of refus'* 
dc'trttcii'in in a sariety of ways, hut e*‘|ttcually in niising steam for 
dnstr.g machinirj' and electric lighting. There is some diflicnlty in 
rxe* neiling ih*’ prxijs^r fiirntioiw of a dt-tnietor with the neeils <>f a 
Niil-r fi r the pri shift ion of st«ani, as it is is*enlial in any nrningvment 
f ‘f this p'iq«— : to k»rji tlm prJmatT pnrj«scof ad'-stnictor well in sic«i 
ar.'lst.sire tint its ai:i**n in this dinirtiou is us jierrcct as |K»s'il)!'-* ; 
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«}tcn Oic Inrc fii11r|'<TfarmM llifirwnrk ift lli'’ rnmirr,11i''T mix 
tlirti l>c npplIM to n fuilaMc l*oiW,an«1 llic tr«n!l lalcti for «lnl it tmr 
Ik* fonnd to Ik' worlli. If ffxam power U frqnirr<l for i'iim|>in",cl<-o{rl(5 
<lc,. con^'iKraltle crf»noinT mar in manr in'ianfr^ Ik; cfTirto*! 
liT Jililirifi" (lie fiirj'liM |*nwcr ftraihl'lc in war. Tlio U>ilrrs ^lionltl 
\>o nexr tn<tnsh In the cflU to av«M any fcrinm ln«< of heat hy 

radiation, lint not near ennti;:!i to iiilrrfin? witlj tli" I’orfi'ct comhn«tion 
of the pte/'K. Wnlcr-ltilic Imilora arc nppircnlly the be^t ailaplc*! for 
the pnrjvitc. 

Artifleittl or Foreetl Praught for.—Tlio ohjert of forcing the 
dran^ht of r'.oatn U'>ilcni 5< to ohlaiti a lather rate of cotnh««tion of 
the fuel j'or Kjmrc ff*ol of fire-prate wirfacc than cenild l>c olif.ain'il 
hr natural dratiphl. The nmonnl of cml that can lr« hiinit per 
Fqtiarc foot varie< with the intcn«itr of ih** dnnplil from "0 Il>*. to 
200 11«. j>cr hour, htil for a moderate forcnl dranpht, from r>'i 11'^. to 
TiO lh«. of coal con«timM |*’r hour may !>'' taken ni an arcrape. The 
comhiKtion with n forccl dranpht i< more complete tlian with natural 
dranpht ; and the pa«c:« arc giren off at a Idplicr temperatnre, the 
cfliciencr of the l>oilcr incrca«e«l. 

To develop the »amc hor^c power, a smaller grate area and smaller 
boilers can be utlllrc<l than with natoml dranght. 

The fire shonld not be le*s than 10 inches thlclc, and If allowetl to be 
redaced to 7 inehoi before stoking n Io«h ensues through the iKV«Mgc 
of an cxoc«sirc snpply of air, so that ns (lie intensity of the dranght is 
increased so should the thicfcnc«s of the fire; the space l>ctwccii tlic 
crown of the furnace and (he lop of the fire should be rnthcr more than 
10 incht-s. For forced draught to Ik; economical, the heat generated 
by the coinlinstion of the fuel should be absorbed a.s far its jxwsible by 
the heating surface of the boiler ; and for this purpose special nrrange- 
menU should be luadc. Ily theuy; of artificial draught inferior fuel 
may be burnt, as it is practicable to nmingc a suitable dniught, and at 
the same lime to ensure its proper distribution both below and above 
the fuel in the furoacc. 

Power Hequired to Prlvo Pane for Forcing Combustion. — 
fr. Waller S. Ilutton, in his comprehensive work on “Steam boiler 

nstruction,” states : — “ The power rcqmretl to drive a fan for forcing 
draught in the furnace of n steam-boiler may be found by the 
ing formula : — 

’ “ the preasure of the air dcHvcretl by the f-in in pounds per 
square foot. 

e volume of air at SS’Fahr. in cubic feet used per pound 
fuel. 
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“ W^the weight of fuel in poontls burnt per square foot of fire- 
grate surface per minute. 

“ A = the area of the fire grate in square feet. 

“T = the absolute temperatnre of the air entering the fan in 
degrees Fahr. 

“ C = the co-efneient of the efficiency of the fans, which varied in 
practice from *2 to *5. 

“ Then, the indicated horse-power required to drive a fan = 
PxYxWxAxT 
33000x(4Ul‘» + 32'^)xO 

“The pressure of the air in pounds per squaie foot is found by 
irmltiplying the pressure in inches of water by 5*190. 

“Example: — Required Uie indicated horse-power of an engine to 
drive a fan to deliver air at a temperature of 09° Fahr., at a pressure of 
3 inches of water ; weight of coal burnt per square foot of fire-grate per 
hour, 84 lbs. j area of fiie-gralc 50 square feet ; atr allowed for com- 
bustion 200 cubic feet jicr pound of coal. 

“ Thus, the piossurc of the air is = 3 inches x 5*190 -» 15*588 lbs. per 
square foot ; the coal burnt per square foot of fire-grate per minute is 
" 84 T GO * 1 4 lb. : the absolute pressure of the air entering tlic fan is 
= G9° t 4Gl°*-530° Fahr. 

“ The efficiency of the fan may be taken at *5, and 
1 5*588 lbs. * 200 X 1*4 lbs. X 530® 

” 38,000 X 4 03® X *5 “IP-l 

indicated lioisc-power. 

“If 22 indicated horse-power were developed per square foot of fire- 
grate surface per hour, then the power of the boiler will be* 22V 50*= 
1,100 indicated horse-power, and the power absorbed in diiving the fan 
is = 14*21 X 100-r 1100 = 1*3 per cent, of the total power developed.” 

The Batcock & Wilcox Boiler. — Considerable attention has 
been directed to the beat Taeaua of recuperatitig the waste heat in 
destructor gases, and of utilizing it for stcam-raismg purposes, and the 
general consensus of opinion is, that the best type of boiler for 
tliis work is the patent water-tube boiler manufactured by Messrs. 
Babcock & IVilcox, Ltd. 

The constuiction of this boiler (figs. 492 and 493, p. 823), may be 
practically considered as having three distinct parts, namely : 

A seiiei of inclined tcater Uibes placed over the fuinace, in which the 
water, being divided into small volumes, is quickly raised to a high 
temperature and rises, at the front end, through rertical connecting 
boxes or headers (into which the tubes arc expanded). 

A horizoiitid sleam andwalfr drum, np to which the water rises from 
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the licadcrs, and where the steam separates from Uic water, the remaining 
body of water returning through the veitical tubes and headers at the 
back end into the inclined water-tubes, where it is again subjected to 
the action of the fire, and again passes into the steam and water dnim ; 
thus, a continuous and rapid circulation is kept up, and a unifonn 
temperature maintained throughout the boiler. 

A mud coVeclor is attached to the lowest point of the inclined water- 
tubes, into which the matter held in suspension in the water is, to a large 
extent, precipitated by its specific gravity. 

Tlie inclined water-tnbes are of steel, and the headers at each end into 
which they are expanded are sinuous (or staggered) and of mild steel, 
each header consisting of one zigzag row of tubes, thus forming a com- 
plete section. The headers arc provided with handholes placed opjiosite 
the ends of each tnbe to permit of cleaning, and, in case of need, the 
removal of a tnbe, each handhole being provided with a cap fastened 
with a wrought steel bolt and clamp and a cap mit, the handhole covers 
being placed metal to metal. The top ends of each section are connected 
to the steam and water drum, not directly, but are first expanded into 
specially designed cross-boxes, which in turn arc riveted to and extend 
from the underside of the drum at each end. The steam and water 
drum 18 made of the best selected mild steel double riveted for ordinary 
purposes ; the mud drum is made of mild steel, and is provided with 
ample facilities for cleaning. 

The entire boiler, except the furnace, is suspended by wrought iion 
slings, from iron girders lesting on wrobgbt iron columns, to allow the 
boiler to expand or contract without straining the brickwork. The 
holler and furnace arc enclosed in masonry lined with firebrick, the 
furnace being arranged below tbe tubes, and firebrick baffles compel tbe 
bot gases to pass upwards, then downwards, tben upwards again before 
escaping to the chimney. These hot gases strike the tubes at right 
angles, thus intercepting the radiant heat fiom the fuel as cfiectively as 
possible ; the tubes being zigza^cd, the gases aie thoroughly broken up 
ns they rise, and, passing into the combustion chamber under the drum, 
they expand and combine before again passing tbe second and third time 
tlirongh the tubes and on to the flue ; thus complete combustion, rapid 
steaming, and consequent economy arc secured. 

The damper for regulating the draught and flow of the gases is placed 
in the back chamber, whilst doora for cleaning the tubes and removing 
Foot arc placed ow one side of the brickwork. 

A comparison of space is nflbrdcd by a new electricity works, wlicic 
Fit Iianca«hire boilers, evaporating 48,000 lbs, of water per hour, arc 
placed beside four Babcock & Wilcox boilers of the above type, 
evaporating 40,000 lbs. of water per hour under the same conditions. 
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Tlic gromid space occupied l»j each ran^e of hoilors fs In tlio ratio of 10 
for Laijca<5liircs to 4 J for Babcock & Wlco\ bond’s. 

According to the plans owlinarilj adopted, the waste gases from the 
destructors enter the boilers cither at the front or through both side 
walls, somewhat above the ordinary level of the grate bars, thus 
enabling auxiliary hand firing to be employed when desired. This is 
an important consideration, particnlarly if the destructor plant be worked 
in connection with an electric light station. When the boilers are 
arranged in tins manner, so that the gases come through both side 
walls, a destructor cell is pl.iced on either side of the boiler. 

By this means a large amount of the total heating surface in the 
boiler is massed immediately above the entrance of the gases ; this 
ensures not only a higher cflicicncy, but a f.ir greater evaporative 
capacity in a given space. 

Another point of considerable importance is the very complete 
arrangements made in tlic design of the Balicock A- ^Vilcox boiler for a 
rapid water circulation (whereby all parts of tbc boiler attain a uniform 
temperature) and for the free expansion of all the paits. The necessity 
for free expansion is apparent where boilers have to bo fired with any 
kind of waste heat, the mtcoslty of which may flnetnate rapidly. 

An ordinary boiler of the shell type, on account of its rigid construction, 
and the absence of positive water circulation, must be subjected 
to heavy racking strains due to unequal expansion, strains which, m 
the course of a comparaltvcly ehoit time, entail expensive repairs and 
materially shorten the life of the boiler. 

The advantages claimed for the Babcock & IVilcox water-tube boiler 
are : their safety from di'iastrous explosion, economy m working and in 
space occupied, low cost of maintenance, end the fact that all parts of 
the boiler arc readily accessible, and c.an be laspected during working. 

As an indication that these claims arc well founded, may be mentioned 
the fact that Messrs. Babcock & Wilcox, Ltd , alone have over 25,000 
boilers, aggregating over two anda half million horse-power, m use, and 
the following amongst other destructor works have adopted this type : — 
Birkenhc.Td, Bolton, Cambridge, C.intcrbury, I^ceds, Lejton, Xorw'icb, 
The Vestry of St. Leonards, Shoreditch (C boilers). The .South London 
Electric Light and Destructor Works Wakefield, Warrington, etc., etc. 

Some DESxnurroR Works and Be.sults. 

Destructor, Southampton- — “All obnoxions matters are collected 
throughout the borough in spccially-con'itrcctcd, covered, iron tumbnl- 
carts, which go up the inclined roadway approaches to the destructor, 
and discharge their contents ont into the wills. The road-sweepings 
arc discharged into a hopper over the incorporator, and are mixed 
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with the sludge as required. No obnoxious fumes from the com- 
bustion have been perceived. The steam generated in the boilers is 
employed for drhing a pair of engines, of 31*5 indicated H.P., which 
compress air into two large receivers, whence it passes in a five-inch 
main to the Town Quay, where it is automatically supplied to nine 
Shonc’s ejectors when required for working them. The same boilers also 
supply steam for the G-H,P, engine, wliich actuates an incorporator and 
elevator, and the engine used in connection with the machinery for the 
preparation of the horse fodder at the Corporation stables. 

“ The residue from the continuous day and night combustion con- 
sists of about 20 per cent, of good liard clinkers and sharp fine 
ashes ; the clinkers are used for the foundation of roadways and the 
manufacture of paving-slabs, which have already been used in paving 
several footpaths of the town, at a cost of 2s. Cd. per yardj the fine 
ashes are also employed for making mortar, with which the stables and 
swimming baths have been elected, and for many other purposes. 

“ The waste heat from the destructor is also utilized for producing 
electricity. The engmes before refcrrc<l to diivc a dynamo sufficiently 
powerful to feed cither ten arc lamps of 3,000-c.p. each, tliirty 1,000-c.p., 
or two hundred glow lamps of the ordinary 16-c.p. type. At the present 
time the works are lighted with two 3,000-c.p. and twelve glow lamps ; 
the municipal offices, the church clock opposite, the Hartley Institu* 
tion.aod the Town Hall at the Bar Gate, arc also lighted by electricity, 
Por this purpose accumulators have been placed in the basement of the 
municipal building, to be chained through a cable from the works. 

" The initial cost of the destructor, including engine house, inclined 
roadway, chimney shaft and boiler, and ironwork complete, in 1885, 
was £3,723, but the addition of four cells and two CO H.P. boilers bas 
raised the cost to £7,000; and the sewage disposal portion of works 
about £3,000. 

“ The annual working expense of the destructors at the present date 
■ is as follows . — 


Six Btoker?, £1 10». cadi 
Tour fcctlers, at £1 8». c.ach 
K.xtra men SuniLajs, etc .. 
Rramtenance 


TABLE 13.>. 


Per Week. Per Annum. 

£ *. rf. £ #. rf. 
.COOS 

.. C 12 0 I 780 0 0 

. 0 8 oj 

G3 0 0 


£.ilo 0 0 

riie maximum quantity of refuse bmut per day of twenty-four 
hours is 8U tons, and the minimum 50 tons ; in addition to which 
10 tons of refuse is burnt m the small destructor at the sewage works, 
Portswood, at an annual cost of £220 11s. 4{I. 
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" The amount rcccivctl from Hie Rale of manure and supply of com- 
pressed air during the last year was £800. 

“The products from the destructor, nhich include the concrete slabs 
before referred to, steps for police station, clinkers used for concrete 
foundations, fine ashes for mortar and foundations for foot-walks, and 
clinkers sold for new cycle track, represent about another £800. 

“To which could also be added the saving for coal required for 
working the engines. 

“ As regards the capability of the<sc refuse destructors for supplying 
power for the machinery, the experience with them at these works 
extending over fifteen years, proves that a very great saving is cfiected 
financially by their use. But nnless good stoking is secured, it masters 
not whatever type of destructor is med, the work will be unsatisfactory 
both as regards the power obtained and the sanitary disposal of the 
refuse. This, it must not be forgotten, is before all things the primary 
function of a refuse destructor, and however well managed a destnictor 
may be, there arc times when other fuel mnst be used if the machinery 
is to be kept constantly going, as is necessary in sewage woiks.” 

Cambridge Destructor and Sewage Pumping Station.— Com- 
bined refuse destructors and power plants as patented by Wood and 
Brodio came into operation in 189C at Cambridge in connection with 
the sewage pnmping plant. Tliree units were erected which consisted 
of six cells or furnaces ; between each fair of cells is placed a Babcock 
& Wilcox Boiler. The products of combustion pass over the hottest 
part of the fire and enter the combustion chamber, which is immediately 
under the boiler. An even tcinperaturc and consequent steady pressure of 
steam is claimed for tins arrangement. The result of the working of 
this plant is reported to be most satisfactory. The pumping engines 
develop 1C3 h.p., which is employed in lifting the whole of the sewage of 
the town 52 feet and delivering same through a 2-i-inch rising mam to 
the sewage farm, which is two miles distant from the pumping station. 

Liverpool Combined Destructor and Tramway Generating 
Stations. — Since the Cambridge plant has been at work others of the 
same description hare been erected in Liverpool where the average daily 
quantity of refuse burnt amounts to 500 tons. Steam is supplied to tlie 
electric generating stations which have been erected adjacent to each 
destructor plant. Ithas been found in practice tliat 100 tons of refuse 
is consumed each day of 18 hours in a four-unit plant, and steam is 
raised to provide the power for producing about 8,000 B. of T. units 
of electricity for the tramway systcin. The daily output from the 
destructor plants m Liverpool may be taken at 80,000 to over 40,000 
B. of T. units of electricity, the quantity depending upon the quality 
and quantity of the refuse, which varies with the seasons. 
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Partiek Combined Destructor and Power Station. — A similar 
plant bas been erected at Partiek, which consists of six cells or 
hirnaccs with three Babcock & Wilcox boilers of 2,000 sqharc feet II.S. 
each, and the following figures have been taken from the “log” book 
kept at the destructor : — 

TABLE 13fi. 

Working 18 per d.ay. Fires banked daring six hours per d.ay. 


3 tons of refuse per day is nsed for banking fires 

Total refuse burned 45 tons. 

Total lelose bnrncd in power production 42 „ 

Total .amount of w.ater eTa\>OTatc<l from refuse only 20, COO gallons. 

Total amount of electricity generated from refuse 

only 5.3.>7 B. of T. units. 

Quantity of water eraporaled per lb. of refuse 2‘19 lbs. 

Quantity of water evaporatetl B.of T.unit generated 38*03 lbs. 

Amount of electricity generated per ton of refuse at 

3S 03 lbs. of w.atcr per unit 12S B of T. units. 

Amount of electricity generated per ion of refn«e at 
33 lbs. of water per B. of T. unit 141*33 B. of T. units. 


and from the same source the following gives the result of a full week’s 
working in the month of October, 1908 : — 


TABLE 137. 
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42 
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4,005 
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90*2 

1 89 
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120*12 

Thure<IaT 

18,800 

4,445 

48 17 0 

909 

1-72 

9G8 

1*81 
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1 70 
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In columns 7 and 8 tlic nnits niid evaporation arc given after deducting 
half a ton per cell per day for banking up tires during the night. 

The evaporation for the eight days gisen above, amounts on an 
average to 43-j lbs. of water per B. ofT. unit. Daring the elc%en days 
ending 7th September, 1908, the average amounted to 35 lbs. of water 
per B. of T. unit generated. 

Evaporation includes steam generated for all purposes. 

Combined Electricity and Dust Destruction Undertaking, 
Borough of Shoreditch. — ^Thc novelty in this scheme is the combination 
of refuse destruction with electric lighting, the arrangements being 
clabonited in such a manner as to suit each other, and the utilization 
of ilr. Druitt Ilulpin’s system of feed thermal storage. Electric lifts and 
motor cars for raising and distributing the refuse throughout the cells 
arc substituted for the usual mcliued road and tipping platfonn, thus 
effecting a considerable economy in horseflesh. The steam require- 
ments of the electric lighting station at the same time are treated as of 
secondary importance m compansoo with the liygienic manipulation of 
the refuse. 

Shoreditch is a Parliamentary borough m the East Central district 
of London, with an area of a square mile and a population of 124,000, 
very densely populated, with the large proportion of 83 per cent, of 
arlizans— the highest percentage in London. It contains in its soulhem 
portion (iloorfields ward) a large number of City warehouses and 
manufactories, forming the recognized centre of the woodwork and 
furailure industry of London, and oQering a splendid fleld for the sale 
of electric light and power. The exceptionally large number of public- 
houses, amounting to 300, and the number of small shops which keep 
open late at night, make the district one of the largest light-consuming 
districts in London. 

The buildings erected consist of a destructor-house and engine-house, 
with suitable offices, pump and fan-room, and accumulator -room. The 
engine-house is G8 feet long and 4C feet wide, and is arranged with the 
high tension continuous current sets on one side, and the low tension 
sets and station motor transformers on the other side. A gallery of 
ample width is provided against one wall of the engine-house to 
accommodate the tljrec switch-boards. 

Off the engine-room is a test-room, in which are erected all the testing 
instruments, and which, in addition, is used for the calibration of 
meters. 

In order to prevent, as far as possible, vibration from the running of 
the engines, the whole floor of the engine-house was made a solid 
mass of concrete, about 10 feet in thickness, and the surface was 
tiled. The dcstrnctor-honse is 80 feet square and contains 12 celb, 
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each liaving 25 square feet of grate-area, and G water-tube boilers, cacli 
witli 1,300 square feet of heating surface. The cells are charged by 
means of Boulnois & Brodle’s patent charging trucks, and it is possible 
for three men to keep the whole of the 12 cells charged at regular 
intervals ; and, moreover, the refuse is never left to ferment or beat on hot 
briefavotk or iroiwork, but la kept cool and thoroughly well ventilated 
by artificial draught. The forc«id blast in the cells may be procured 
cither by motor-driven fans or by the agency of steam jets. 

The gases from the cells pass out of each cell at the side, thence 
through the boiler tubes and out at the back of the boilers into either 
of the two main flues leading to the settling chambers and chimney. 
Whenever required, each boiler may be shut off by means of dampers, 
cntiiely free h‘om each or both of its .adjacent cells, and may also he 
fired at all times indejicndently w'lth coal or any other suitable fuel. 
The cells may also be Avorked independently of the boilers, but in this 
latter contingency the gases pass out from the cells at the back and not 
at the side ; moreover, in the event of refuse not being collected or 
being deficient, from any cause whatsoever, steam may still bo raised 
in the same tnanuer as U adopted in any other electric lighting boiler- 
house, viz., by means of coal, fire-grates being provided underneath the 
, boilers for this purpose. 

Tlicro arc 3 motor-driven fans, calculated to deliver each 8,000 cubic 
feet of air per minute, with a maximum ash-pit pressure of 8-inch water. 
The chimney is 150 feet high and 7 feet internal diameter nt the top, 
jacketed with fire-brick throughout, and surrounded at the base with a 
centrifugal dust-separating chamber. 

The boilers and thermal storage vessel arc designed to work nt a 
pressme of 200 lbs. per square inch, and arc supplied with duplicate 
fittings throiigliout, to guard against a breakdown. As it is necessary 
to burn tlie refuse continuously during the 24 hours, ivlicreas light on a 
large scale is only used for some 4 to 6 hours out of the 24, it is necessary 
to adopt a system of heat storage to avoid a waste of valuable steam. 

The importance of the thermal storage cylinder is further enhanced 
by the fact that it nets ns a water purifier. 

One of the main drawbacks to the use of watcr-tube boilers has 
nlwnjs been overcome by the use of clean or softened water, but if the 
feed-water be first raised to 350° Fahr. in the tbormnl storage cylinder, 
practically all the inorganic salts he)d in solution in the water will bo 
dejiositcd there, and valor free from these impurities ivill be delivered to 
the l)oilcr. 

The electric woik was earned out by the Electric Construction 
Company of Wolverhampton. Tlie plant nt present installed in the 
Rcmr.iling station consists of 3 E.C.C. generators eoiijdeil to Will.ui'’’ 
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tlircc-crnnlv engine*, cnch foI Jiaving nn ontpul of 1 CO kilownlls at about 
I.U'OnoUs ; nmlnlkC C.low*lcn'»iondjnamoscouplc<l to Willans’ three- 
crank engine^, each fcL having an oiU{mt of 70 kilnwalls at Ifij volt*'. 
The f jx.-C(l of the larger sets is 350 revolutions i>cr minute, and the 
speed of the smaller sets ICO revolutions |»er iiiinnte. 

ThclVillans’ engines of both sires hare been Fi>ccially arranged with 
hand expansion gear, so that economical rcsnlls and gootl governing 
arc obtained when working at any pres-ure within the wide range of 
200 lbs. to 120 lbs. to the sfjnarc inch ; this range of pressure being 
neccssaTT in order to enable the thermal storage system to be ntilized 
in connection with the scheme. 

Hesxxlts obtained at Shoreditch. — The results of cvjwrioncc gained 
at Shoreditch may be statctl as folloxts : — 

(1) The average calorific value of the I^onilon domestic refuse is 
equiv.alcnt to O'OO lbs. of water jhjf Ib. of refuse burnt ; this is, 
however, subject to some deduction if the whole year's working is 
considered, as it is not always pr.icticablc to store or utilize the whole of 
the heat gencroted 

(2) Tiic cost of destruction of refuse is 2a. 5ff. per ton, which is less 
than the cost of l)a^ging away. 

(8) The arrangoQicut of one boiler to two furnaces, as at Shoreditch, 
may be relied on to evapomte 2,888 lbs. of \ratcr per hour from and 
at a Icmpcmture of 212^ I'abr. at a |irc«surc of 200 lbs. per square 
inch, using refuse as fuel. 

(4) It is estimated, from the daUi thus made available, that the total 
amount of power which could be made av.ailabic in Loudon by burning 
the whole of the refuse in properly cxmstnicted furnaces would amount 
to about 133,000,000 n.II.P. hours. 

The supply of refuse has been found to be very irregular, so much so 
that it has been necessary to provide a large rectangular iron storage- 
bin under the tipping platforms to hold about CO tons of refuse. The 
delivery takes place between 0 am. and 5 p.m., and averages 84 tons 
per day, though as much as 140 tons have been received in one day. 

The tip-trucks and lifts, which arc worked by electricity, have been 
found to be very satisfactory, although they absorb as much as 0’52 
kilowatt-hours per ton, principally in the operation of lifting the refuse 
to the top platform. 

It IS very necessary in designing works of this nature, where an inclined 
roadway is not available, to provide ample facilities for lifting the 
refuse so as to avoid a loss of time from keeping the dust-vans 
waiting. 

The full cfticicncy of coal fires when used in conjunction with refuse 
is not obtained, ns a large amount of cold air is unavoidably admitted 
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in the piocess of cllukering the refuse furnaces ; the shavings and i 
chips wliicU form a largo percentage of tlic Shoa'ditcli refuse 
not found to give sneb good resnits as fuel of a hea\icr nature. Tl 
due to a great extent to its burning away ns fast as it is put in, air 
the time cold air is being admitted to the furnace. The residue amc 
to 32*8 per cent. The cbnkcr and fine ash from the destructor arc 
for making moi tar concrete and artificial paving stones; the lattci 
made with 24 p.irts ground clinker to one of Portland cement f 
ground, and subjected to a pressure of 1 J tons to the squaic inch. 

After the jilant had been in use for some time it was found that 
temperature of the flue gases at the base of the chimney reach 
maximom of TOu® F.abr. It was then decided to introduce a G 
economiser, and it was arranged for the boiler-feed to be forced thn 
it into the thermal storage vessel ; the feed is thus heated in pas 
through the economiser to a temperature of from 200® to 250® I 
This plan has been adopted siuce October, 1898, and has been foun 
the greatest \alue, as it obviates the tendency to wntcr-hammcringw 
formcily obtained and enables tbc boiler-feed to be readily and corn 
adjusted. 

Tiic Cambridge, Uvcipool, Partick aud Sboreditcli plants wen 
erected by Messi-s. Manlove, .Mliott & Co., Ltd., Xottingham, 
simiLir plants are also at woik at IVolvcihnmptou, Xottingbam, T 
Wiuehcstor, Staffoid, Stepney, Rhyl, Loughborough, Leicester 
other pLiccs. 

Disros.vi. OF Residuals. 

The residual piodiiccd by refuse destruction coneicts of cliukcr, 
tliis is utilized m various inetbods. The first process is to eliniii 
the old tins and other metal obj'ects which are picked out by hi 
aud tlie lemaiiiing matciial then dcjicnds largely for its value upon 
quality. 

This is governed princi|v»lly by the temperature at which the dcsti 
tor has been working and the Icngtli of time to which the refuse 
been Eubj'ectcd to that terojicraturc. A goed, hnid, viticous cliii 
cannot be produced in the old low-tcmpcrature dcstructois and is c 
jxissible from the modern furnaces. 

In addition to having a furnace capable of working at a high tempi 
lure and allowing tbe material to be in contact with that temperat 
for a sufliclent time to fuse and vitrify alt the inorgmiic matter 
is necessary that the cbaiging and working of the cells shall be c 
ducted upon a regular sjstcin and that the files shall be worked will 
nnifor/n thickness of malerinl upon the grate bars. Otheiwisc the I 
fuinacc will not give satisfactory lesulta and a jwor clinker will 



DESTRUCTOR RESIDUALS. 


831 ? 


produced which is worthless and may involve expense to get rid of, 
instead of being a source of revenue. 

A good hard clinker is always nscfnl in the suburbs of towns for 
road foundations, for coating newly-formed streets which arc not yet 
paved and flagged, for surfacing semi-rural footpaths and the like. 

Clinker can also bo used for filling up low places and for tipping on 
land where ordinary refuse would be objectionable, whereas the clinker 
is perfectly innocuous and inofTensive. 

Early on in the history of destructors it was found that the 
clinker when ground and mixed with lime produced excellent mortar, 
large quantities of which have been made and sold to builders in Leeds, 
Bradford, and other towns since destructors were first introduced. 

The manufacture of paving flags for footpaths is another of the uses 
to which the clinker is put, the town of Brighton being one of the 
leaders in this movement, and flag-making plants are now m use in 
numerous towns, including Liverpool, Birmmgham, Shcflleld, Bradford, 
Leicester, Oldham, etc 

The clinker is ground up and mixed with I’ortland cemenUin the 
proportion of two to one, and the flags arc then made in a moulding 
machine operated by hydraulic power. Messrs. Fielding it Platt are the 
makers of a macluncof this character, winch gives excellent results, and 
with winch paving flags 2^ inches thick can be produced at o cost of 
from Is. C(l to Is. per square yard. 

In some cases the wearing surface of the flag is fortified with granite 
chippings to increase its life, but this can only l>c done at an additional 
cost of sometliing like G<L to 8rf. per square >anl. 

With the introduction of bacterial processes of sewage purification a 
large demand lias arisen for tlic best and hardest chnker as a filtering 
medium for the iiactena bed®, and excellent results are produced by tlic 
use of this material, provided it is thoroughly hard and vitreous and 
has removed from it as much dust and sra.»ll particles as 

Where the destructor is silualcd near the bacteria beds its value is 
furtlior culianccd by reducing the item for cartage. 

In Liverpool Mr. .T. A. Brodic, M.I.C E , the city engineer, has 
utilized cruslicd cliiikcr with cement for building conirctu tottaues in 
connection with the clearing of iDsaniUrr anas. The conertte is Idled 
into moulds to form huge slabs representing a complete wall, floor or 
roof of a house, the openings for doors, windows, lircplaco, etc., I>cing 
formed in the slali®, which arc domniled together and jointed 
with cement mortar. The t>alconie«, staira and chmiDovs are all 
cpu-'tructod with (lie *aiiie material, ard citn the iite lUelf is letellcil 
with clinker. 

Brickraaking is another means of utihz ng destructor clinker, and a 



S \NlTAIlY I’.SG 1 N I ;K m N O . 


sni 

phnl in‘^tn1U«l l>y the Xel'on Cor|x»rition in llHtT is prodi 
nrviceaMc hricks 
Tli<- I'l.nit eonsists cif t — 

A hall null for linif^ "rimlin^. 

A f'“'l i» rHinvtctl "rliulin;^ mill for clinker "riinliiifr. 

A ‘vnm for kticiiihj; the clinker. 

A j‘nttnl lutlratln" mixer. 
llriek'\ork j-ilo''. 

.\ final mixer. 

.\n “ r.mjKror” 

A limleiiiti" olnmlnT to hohl 7,000 hricks. 

In adilitnui there nre the necc«<iry wa'rnons, elevntnrs nnil plan 
the ili'triliiition <if the maleri.iU nnil jHuver. 

'I'iio iil.int in driven hy electrical |>otter ohtained from the ndjoi 
fl'efrnit\ •■tation (the steam for which is ]»artly fuipplicil from 
ua'tr heat <ir the deelriictor). 

Til* p'niil is divnlod into two sections driten hy separate mo 
I’l'r the jjrmdins j*f‘rtion n motor of tn H.P, is provided, anil for 
fitnl muir:* ami hrickmakinii a motor of i.’.' ll.l*. is provided, 
artnii'* j.iwir rc'imred i«, for the j;rimlin;r, 28 II.T. and for the 
mmtij ntul Jiru kmakiii*.: 12 II I’. 

\ t'pii.d (iti'iljms of th'* t linker pro<liiccd nl tlie Nehnn Corpora 
1 >< 'inn iiiT ^YoTk•‘ IS as : 

TaIII.J ItiH.— AS*A1A'‘»«. 


.•'ihi-a . lO'fi per cent, 

lotne ]1'2 .. 

Aliifiitii jh’.’i „ 

!’< rri .. 22*8 ,, 

Mn^i mnnjmin*' iind alkalies . . ,, 



DESTRUCTOR RESIDUALS. 


835 


and at the same time the ^hole is thoroaghly tniied and subjected to a 
special boiling process in a patent miier specially designed for this pur- 
pose, with the result that the inixlore Icares the machine in a net state 
and at a high temperature ; it then falls into silos or storage hoppers, 
where it rests and matures. The period required for maturing varies 
from twelre up to as high as thirty-six hours, depending upon the 
nature of the clinter and the lime being treated. 

The object of this maturing is to ensure slaking of the added lime, 
and also the lime compounds found in the cliuker. For instance, in 
the analysis of the clinker given above, it will be seen that it contains 
11*2 per cent of lime, which, in jiassing tlirongh the dcstrnctor, is not 
only turned into quicklime, but is also partly combined witli the otlier 
constituent substances of tbe clinker, forming silicates and nluminates 
of lime. Tiiese substances do not slake readily, and unless tlie clinker 
is treated to slake the'e compounds it is impossible to make sound bricks. 

The maturing hoppers are built of brick or of sheet steel with a suit- 
ahle discharging apparatus m the base. Tiro are required, so that 
whilst one is being 61Ied the mixtnre in the other is being iflscharged 
and made into bricks. 

After maturing, the material Is ready for the final process of being 
made into brlck«. To this end it is drawn from the silo and passed 
automatically to a mucr, where, if required, additional moisture is 
added, and (hen to the brick press, nliore it is compressed into bricks 
under enormous pressure, each brick receiving from 100 to ISO tons 
pressure upon it, with the result that on coming from tlic press, 
although green, it will stand handling and considerable rough usage. 

The press used is 3Ies«rs. Sutcliffe, Speakraan and Co's “ Emperor '* 
press, which is the result of practical experience in the sjiccial design 
and construction of presses for various materials 
As the bricks leave the press they arc stacked on waggons and arc 
then wheeled into the indurators or hardeniag chambers, where thry 
are subjected to the action of steam at a pressure of 125 lbs. jier square 
inch. It requires eight to ten hours of this tro.itment to thoroughly 
harden and finish the bricks. After witlidrawal from the chamber they 
are hard and fit for immediate use. 

The hardening chamber consists of a steel cylindrical vessel six feet 
diameter and from thirty-five feet up to seveaty feet in It’ngth, oue end 
being removable and held in place by massive steel bolts. In some 
cases this removable end is merely slung from a small crane or set of 
chain blocks, but preferably it is hinged to tbe chamber and provided 
with a balance weight, making it easy to open and clo'c. 

It will be seen from the above description tliat the whole period 
required for manufacture, from the taking of the raw material to the 

s n 2 
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delivery of bricks ready for use, does not exceed thirty to forty-eight 
hours ; Avhen this is compared with the lengthy process required for the 
making of ordinary clay bricks, which usually takes three weeks, it n’ill 
be apparent that this system offers many advantages. 

The hardening of these brides is brought about by almost identically 
the same chemical changes that take place in the hardening of cement ; 
some cements of the best quality can he hardened quickly by steam as 
described above, but generally they contain nnslaked lime compounds 
which pievent the hardening being done in this rapid manner, hence 
the slow process of ageing is adopted. These nnslaked lime particles then 
expand so gently as not to interfere with t!>e solidity of the concrete. 

If we compare the chemical composition of these bricks with the 
cliemical composition of a concrete made with cement and the same 
clinker we shall get the following : — 


Table 139. — Coiiparison of Analysis of Ijjie Bricks and 
Cement Concrete. 


Clinker ni'd lime bricki made « 
8i ]<erceiit oflcme 

lUi -ibout 

Clinker and cement concrete made from 

1 cement and '> clinker. 

Lime . . . • 

pel cent 

17*0 

Lime . • 

per cent, 

](5*8 

Silica .. 

. 32*9 

Silica 

.. 32’2 

Alumina 

. 14 8 

Alumina 

. 14‘1 

Ferric oxide 

.... 18 2 

Ferric oxide . 

. 1C8 

Magnesia and alkalies . 

. . 6*5 

Magnesia nod alkalies . .. 

. 5*8 

TVater in combination .. 

.. 120 

Water in combination 

. 14'3 


100*0 


100*0 


In the above, which is a calculation from the known ingredients, a 
cement is taken of an analysis as below : — 

Lime C2‘04 per cent. 

Silica 22'Oi „ 

Alnmina .. O’-IS „ 

Fenic oxide 3*41 „ 

Sundries C’OO „ 

99*94 per cent. 

If the two be compared it will be seen that they are almost identical. 
In both cases tlierc are the ingredients which give the hardening due 
to the slow crystallising of the ccAcnt, the only diflerence being that 
whereas one is due to age the other is brouglit about by steam. 





Purin:; the Btcainiiig operation notliinjj is added or taken away from 
the brick'?, the fitcaiu merely acting as a halting agent, pcrmiitiug the 
bricks to be raised to a temperature of about 300’ Fidir., and at the 
same time retain their moisture. If the steam were at a lower prc'snrc 
the required heat could not be obtained, whilst if heat were used 
without steam, the water would be driren out, and the bricks would 
not become hard. 

The hardening is a crystallising of a compound consisting of lime, 
silica, alumina, and water ; without the water, hardening cannot take 
place, and because of tins fact the many attempts to use superheated 
steam at low pressure have failed. 

In quality tlio bricks closely imit.'itc a Staffordshire blue brick of 
fair quality, except that they in general absorb a slightly higher 
percentage of water. They arc blue or slate colour, and a test made 
by Jlcssrs. Kircaldy gave the following : — 

TARLE 140.— COMPRESSIVE STREN'OTfl. 





Strr'.s In rounJ*. 

Deseri[>tiin 

Dimoi'ion* 


CtufkrJ 

Stijhtfv. 

CrerKeJ 

Cruthn) 

Conipo'Uton brick, 
no ncc:.*, mule 
from destructor 
clinker .an 1 o( 
lime. 

2 77 X t .tr, 

J'.l» X » tii X 4 40 

2 SO X 0 00 X 4 .44 

2 Cl X 0 0» X 4 1C 
2C2 X 0-02 X 4 

2 SO X 9 UO X 4 3(. 

Si 4i. 

sa CO 
J'JOC 
.10 4 4 
.49 3.4 
3921 

.» »» OOO 
199.900 
114 ia>0 
110,9tl0 
13I..100 
ISO.COO 

21'>,fi00 
2311,800 
22.’, TOO 
2f)p.,OoO 
204.700 
15'i 000 

2C’.000 

248.000 
222,700 

206.000 
201 700 
160 000 


2Ic.an 

39 31 

161,4 IT 

2I1.S33 

217,067 


Lbs per twj, lo 

- 

I20S ft _ 

51400 

5122 0 


Tons per R] ft. 


270 6 

3198 

313 1 


Test for Adsouption' 


Oe»cnptioii, 

Btfore 

AfUr 
it hours" 
Imairrsiun 

PiOerenrs 

Absorption 

Composition brick, 
ercy, no recess 
ComjKisition brick, 
prej-, no recess 
Comixisition brick, 
prey, recessetl one 

Lbs 

9340 

K510 

S 573 

Lbs 

9 679 

9 273 

9195 

Lbs 

0 3*57 

0 761 

062’ 

Prr Cent 

■4 93 1 

U72 

8 97 1 

7 20 
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The quantity of clinker piodnced is only snflicientlto enable about 

18.000 to 21,000 bricks being made per week, hence itVollows that the 

plant is not run continuously. It is ron alternatively : on Fridays, 
Tuesdays, and Wednesdays, the clinker is being gron^, mixed and 
deposited in the silos, whilst the bricks arc made up o\ Saturdays, 
Jlondays, and Tliursdaj’s, the same set of men operating bebth sections 
of the plant. The labour required is verj’ small, due lo tde\ labour- 
saving devices provided. Three men are sufficient to look ail’Ler the 
wliolc installation. 1 

The steaming of the bricks is effected during the night, and as done 
by steam fiom the destructor Iroilcr, which wonld otherwise be wasted, 
as It only serves the electrical works on the day shifts. \ 

It will thus be seen that the cost of rvorking is very low. Marking 
these 18,(J00 bricks per week lequires the wages of three men, nnA the 
cost of tons of lime, plm the wear and tear of machinery, whiefl i is 
only a small item. The total cost of the bricks is stated to be ICs, u ler 

1.000 inclusive of capital charges. \ 

The cost of the plant was about £3,000, and in connection with ii ^ 

there is u solder recovery plant and a tin-baling press. The solder 
extractor is a furnace in which the disused tins which come to the 
icfusc destructor are placed. Solder Is extracted to the extent of 50 lb. 
per ton of metal used, and there is a ready market for it at 8rf. per lb. 
After the solder has been extracted the tins are placed in a large press 
and pressed into bales, which are disposed of at the rate of 125. 6(f. 
per ton. 

Utilization of Steam. — The steam protluced by the dcstructioiT-of-^ 
refuse is utilized in connection with baths, wash-houses, electricity 
works, sewage works, waterworks and other municipal enterprises. 

The lecords of tests which have already been given indicate the quan- 
tity of steam winch can be raised from the destruction of refuse, but it 
must be home in mind that these figures are obtained under trial condi- 
tions and must be discounted when considering the amount of power 
available under ordinary working conditions. 

As au indication of what can be done in practice the Table on 
page 839, reproduced flora “Refuse Diqiosal and Power Production” 
(W. F. Goodrich), gives a comparative statement showing the number 
of electrical units generated per ton of refuse destroyed at 20 combined 
electricity and destructor works. 

It is beyond the scope of the present work to attempt to describe the 
appliances necessray toutilize the Bteam,and the following Table is merely 
an indication of the amount of power which can be obtained from the 
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TARLE HI — COMI'AISATIVE STAFEMEXT KHOWINO THE XUMREIC OK 
EI.ECTRirALUXITSOEXEUATEDrnRTOX OF REFUSE DESTROYED 
AT 20 COMBINED ELECTRICITY AND DESTRUCTOR WORKS 


Town. 

MiVe of 
De^lruetor 

IVltrurtor 

T)|« of 
l(oil«f 

number of 
\5 tvW% 
gfnertteil 

of llrfiio* 
ilMtroj I*.! 

Airrijp 

wuplit of 

destroy^ 
clsily In 
tons 

Accnnglon 

Hoi-<ifall 

Toj» fol 

I,ancn«fiirc 

2.>0 

CO 0 

R.insor . . 

McMrum 


Mornvbv 

20-0 

on 

ClcckliKitoii 


Hand fc<l 

I-anc-a-hirc 

:i5u 

120 

Colne 


Top fol 

B.abcocK 

20 0 

ISO 

•D.ir«en .. 


Ilnml fed 

liSDcn^liiro 

0 

3->0 

•Fulham . .. 

llor>fall 

lop fol 

llabcocK 

2C « 

11)1)11 

Oloncesicr 

Hccnati 

lua fc<] 


.IV 0 

2.V 1) 

ilmTs . .. 

'Ichlnim 

Itaixl fe<l 

I-ancavliirc 

33 0 

80 



B .k 11 


20 

970 

Lhiuludiio 

Mchlruni 

Top fcl 


.32 0 

r.ij 

Xcl«f>n ... 


Hand fv<l 

iMancA^iiire 

R'O 

30 0 

tPnrtick 

Manlow 


Babcock 

270 

420 

Rhyl 


,, 


J.'.-O 

ICO 

•St. Helens 

McMrum 



37 5 

H2 0 

Ihhipley 



l-aocaNhirc 

37 R 

25 0 


Manlovc 

n. A. 11. 


20 0 

60 0 

Stepney . 

McMrum 

Top fc»l 


.12 (I 

105-0 

Marriniiton 



8<>0 

50 0 

§tVimbleilon 


Hand fed 


450 

54 0 

Wrexham 


f-aoeadnre 

HSU 

35 0 


' Average for one jear t Average for three months 

J Average for one month § Two-thirds iefU' 0 ,one-thiril tladgo 


In the well-known case of Ealing, Mr. Charles Jones, M.I.C.E , lias 
for years been destroying Ins town’s refuse in conjunction \Mth the 
sludge prodneed at the sewage disposal works, and has also had a margin 
of steam for power purposes. 

At Hereford and other places all the steam power iicces'^aiy for 
operating tlie sewage works is obtained Iroin the dcstiuctor, winch dis- 
poses of a part only of the city’s refuse. 

The Southampton destructor is also used m connection with the 
sewage works and is refeired to m the description of those woiks, 
p. 825 et seq. 

At Norwich the dostiiictor provides the necessary steam for working 
the engines and air compressor which arc installed m connection with 
“Shone’a” ej'ectois for lifting the sewage of the low parts of the city, 
and power is also provided for working the machinery of the corpora- 
tion’s stables and depfit. 

As an adjunct to waterworks a dwlmctor is not perhaps as suitable 
as in some other connections, as sentiment dictates the inadvisability of 
taking objectionable matter anrv\here in the neighbourhood of the water 
supply of a town. In most cases the pumping stations in connection with 
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water supply systems arc sitnated at too gicat a distance from the town 
to enable the lefnse to be economically carted to it and there destroyed. 

In some few instances, however, when pumping; to a special high level 
from a central position in'the town, it may be advisable for destrnctors 
to be established so as to niilize the steam for power purposes. 

At Ilunstanfou in Xorfolk a destructor is used in conjunction with 
the waterworks, although the cost of cartage is somewhat excessive, but 
is not greater than it nould be for ordinary fuel. 

Cost of Iiaboior. — The cost of labour necessary at destructois is a 
most important factor for consideration. It must, however, be clearly 
pointed out that it is not the only test applicable to the relative meiits 
of rival makes. 

Capital cost may also be of importance, especially where a difficult 
site has to be dealt witli. The cost of repairs and depreciation, perfect 
combustion, and absence of nuisance arc essential matters, and from an 
economical point of view steam raising and good vitreous clinker are 
equally as important as low labour costs. 

Again, the difference in the rate of wages paid in different parts of the 
country must be taken into coosideraticn in determining the value of a 
figure for the cost of labour. The variation in the rate paid per hour is 
greater than maybe supposed, ranging from id. per hour up to Bd. perhour. 

It is obvious, therefore, that before one can form any opinion as to 
whether or not a destructor is worked with a small amount of labour, 
one must know the rate of wages paid in the district. 

Again, the amount of mechanical power used in connection with the 
charging process must be taken into consideration, as one of the chief 
objects of mechanical installations is to reduce the amount of labour 
jnrolrcd. It must be, however, admitted that this resnlt does not 
always follow. 

The cost of labour may vary from 7d. to 2s. per ton, the latter figure, 
liowever, being exccptioD.iIIy high. 

For general aveiagcs the following figures may be considered 


approximate : — 

For top feed systems Is. 2d. per ton. 

Jleclianical cbaiging systems Is. 3d. „ 

Front band fed systems llrf. „ 

Back hand fed systems Is. 2^7. ., 


Taken all round, a belter test than the cost per ton of refuse burnt is 
the weight of refuse which can be handled per man in a shift of 8 or 
12 hours, as the case may be. 

The following remarks by a well-known engineer, wlio lias been 
engaged in designing refuse destructors for over 25 years, are worthy of 
consideration by those about toerobark on this subject. 
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Nowadays, loo many of those who h.i\c to do with the erection of 
refuse de>tmctors. are inclined to think, or at least to act, ns if they 
thought that one ton of refuse must bo aS like to every other ton of 
refuse as one |>ea usually is to another out of t^ie same pod. 

They ask for a guaranteed cvnj>oration |)cr pontul of refuse and n 
gnarantectl percentage of clinker, while they are quite unable to tell 
whether their refuse will contain S5 i>cr cent, of combustible mutter or 
55 percent., whether it will show on analysis 25 per cent, of mineral 
matter or 45 per cent., or at any rate are unwilling to gne any 
guarantees on the snbjcct ; and they desire to retain the light to ask 
for resnlts guaranteed, no matter how much the quality of tlie refuse 
may deteriorate, as it may readily do. It would be well to remember 
that no guarantees in the world will enable a furnace to produce more 
heat from a ton of refuse tlinn its tombustible contents can generate, 
mixed ns they are with incombnstibic matter, ami in like manner no 
guarantees will ensure 2G per cent, only of clinker and nslics when the 
refuse contains 35 per cent, of incombustible matter. 

Any requests for guarantees ns to results to bo obtained with rcfiiso 
of unknown and varying qualities is to nsk for a giicss—and in such 
guessing the pnidcnt and cautious arc very henv i!y handicapped, w hilc the 
sanguine and over*confident and the reckless are gnen eicry advantage, 
especially if they arc able afterwards to plead, in case the work 
done falls short of their guarantees, that the authorities lm\c sn]i|i)icd 
icfusc which could not possibly, even thcorcticnlly, lie made to fiiiril* 
such guarantees, and that the authorities themselves ought to he well 
aware of this. 

If any impossible guarantee be accepted a manifest injurj is dime to 
the more prudent or better informeil j»crsonwlio would only give n 
possible one ; while when the impossible guarantee proves to lx* 
impossible, the authority or engineer is put inton position iilmust ns 
difiicult and unpleasant as that of the contractor 

It may not be out of place to qnotc, in concluding, tlio views recently 
expressed by Mr. Stromeyer at a meeting of engineers. lie is re|K>rttd 
to have said that — 

The c.alorific cfllcicncy was not necessarily projwrtionate to tlio 
amount of carlxm in the fuel. The cllicieney was pulled down by tlic 
presence of incombustible matter, licyond and in addition (■> ilic thliiting 
effect of such matter in the fuel SiipjKwmg ibat. w ith pure coni. * nter 
cost, say, one shilling ixr ton to cva|)orate. linn wiili a coal c<iiit.iiniiig 
10 per cent, of earthy matter the cost would l<e T.* with L’o )>cf i eiit 
of earthy matter and niili "ii jicrient i In other word*, 

coal confining 50 per cent, of incniiil>u«tililc refuse «ns luily wortli 
one-fourth ns much ns juiro ce>al. 
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CONSTRUCTION OF CHIMNEY SHAFTS FOE 
DESTRUCTORS. 

Object of — The object for which a chimney shaft is built is, in the 
fir«t place, to produce a draught through the fuel or on the firc-gi'ate, 
to ensure the combustion of a specified amount in a given time; in 
the second place, its height should be sufficient to carry off the 
products of combustion to such a level above the neighbourhood as 
to avoid creating n nuisance. This pai ticularly applies to chimney shafts 
for destructors. 

The draught in tiie chimney is caused by the difference in u-cight of 
the heated gases inside the chimney and the corresponding column of 
air outside the chimney. This difference in weight is principally duo to 
#thc expansion of the gases passing up the chimney, produced by heat ; 
they are thus considerably lighter than the external air, which therefore 
seeks to penetrate through every available opening, both below and 
above the fire-grate. This produces a velocity of efflu.v, after making a 
deduction for friction, due to the difference in wciglib of the two 
columns 

The draught in a chimney is thus obtained by a considerable expen- 
diture of fuel, amounting to as much as from 20 to 30 per cent, of the _ 
coal burnt. 

IVhcre inferior fuel is employed, as in the case of destructors, increased 
draught is necessaiy. This involves an increased height of chimney shaft. 

Dimensions of Chimneys — General Buies.''* — “The outside diameter 
at the ground level should not be less than one-tenth the height, unless 
it is snppoitcd by some other strncture. 

“ The batter varies from 1 in CO to 1 in 10 ; 1 in 2-1 is very common. 
Or the batter slionld he from to I inch to the foot on each side. 

“TJie thickness of brickwork is generally one briuk (8 or 9 inches) for 

• These {>articulnra arc cstracle«l from “ The engineer’s Yenr-Boah of Formula:, 
llules, Tables, Bata, anil Mrmoramla,” by II It. Kempe, 3I.Inst.C.E., II I.E.K , 
one of tlic most generally useful of reference books for practising engineers. 
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25 feet from the top, increasing one half brick (4 to 4+ inches) for each 
25 feet from the top downwards. If the inside diameter exceeds 5 feet,, 
the top height sliould be one and a half brick thick, and if under 
3 feet it may be onc-ltalf brick thick for 10 feet. 

" Generally, a much less height than 100 feet cannot be recommended 
for boiler chimneys, as the lower grades of fuel cannot be burned ns 
they should be, with a shorter chimney. Tall chimneys should always 
standalone ; for if connected with the rest of the buildings, the increased 
settlement due to their height causes rupture in the masonry. Tlie 
distance from the furnace to the shaft should not exceed two-thirds 
the height of the shaft, and the latter should be built and allowed to 
settle before the connecting-Que is made. 

“ The circular form of cliimncy is best, as, with the same quantity ot 
material, it covers a greater area, and is therefore more stable, and tlic 
ciTect of wind upon it is much less. In any case, the flue should be 
circular; it can hardly be too large, as it can ala ays bo reduced by 
dampers. It sliould be biult with a dctacheil skm of fire-brick for a 
certain distance up, increasing in proportion to the hc.it of the vapours 
carried off, and separated fiom the main shaft by an air space. 

“ The caps are intended to tie the head of the chimney togctlior, but 
projecting caps catch the wind, and increase the oscillation ; a 
dangerous chimney has been saved by removing the cap. 

" The scaffolding used for building a chimney should be so arranged, 
that it docs not preieut the chimney flora settling 
“ The intensity ofdraught required vanes with the kind and condition 
of the fuel and the thickness of tlie fires. Wood requires the least, 
and fine coal or slack the most. To burn anthracite slack to advantage, 
a draught of lA inch of water is necessary, which can be attained by a 
well-proportioned chimney 175 feet high. 

“ The effective area of a chimney for a given power varies inversely as 
• the square root of the height. The actual area in practice should be 
greater, because of retardation of velocity due to friction against the 
walls. On the basis that this is equal to a layer of air 2 inches thick 
over the whole interior surface, and that a commercial horse-power 
requires the consumption on on average of 0 lb. of coal per hour, we 

lIP = 3-33 E^/;r (2) 

D«Z3*54^/F+J (4) 

In which HP* horsc-jxiwcr ; A=* height of chimney in feet ; E = effective 


hare tlic following formula; : — 


= (I) 


Jl. 

S-lS^K + 4 


( 3 ) 

( 3 ) 
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area, and A = actual area in square feet; S=sidc of square chimney, 
and D = diameter of round chimney, in inches. 

“ Anotlicr rale is the following : — 

A^lcast internal area of flue, in inches. 
a = area of grate, in feet. 

HP = horse-power of boiler. 

7<=lieight, in feet, of chimney from fire-grate. 

P = pounds of coal consumed per hour. 


A = 


112 HP 12 

-^-^.(Irodgold) 


F being in this case- 9*33 HP, or 9*33 lbs. per HP hour. 

“ A common rule is to make the floe and area of the chimney top equal 
to from one-eightli to one-tenth the area of the fire-grate, nithont 
taking into account the height of the chimney. 

“ To find the draught of a given chimney in inches of water, we have 


j , /7'C 7*9\ 


where /< = height of chimney, in feet, the absolute temperature of the 
evtcmal nir*/-i-4C0, and 4 the absolute temperature of the gases in 
the chimney = /^-i-4Co. 

“To find the height of a chimney to give a specific draught-power, 
c.vprc5scd in mclics of water, we have 

I. I. 

“To find the maximum efficient dranght for any given chimney, the 
heated column being G00° Fahr. .and the external air 02°, multiply the 
height above grate in feet by *007, and the product is the draught- 
power in inches of water.” 

Where two flues are led into one Ehaflr, a partition wall should be 
erected acro«s the shaft and carried up to double the height of tlie 
flues, so as to bend the currents in the same direction. 


Avorago Height and Cost of Destructor Shafts. — Jlr. Bouliiois states 
that the average height of chimney is 163 feet, and that the average 
cost of erection is £0 35. -Id per foot. 


Foundations for Chimney Shafts. — foundations of ft building 
nrc naiially considered to inclndc all the parts below Ibc surface of titc 
ground ivhich are put in for the juirposc of carrying the wciglit of the 
RiqKTsirucinre; the ground on winch Iho^^c i>arls arc built is> termed 
the fonndation-lK-d. 
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The I'Ctt foiin(lation-bc«l would be nn incomj(rc««n)lc material, free 
from water, nnil of sjjcJi OTlenl and Ibtckne^^ that it will not viold under 
the prc<«nre towhich it tolw FUbjcctcd ; the Rronnd to 1)C huilt ujwn 
should l>c liomo^rcneous. 

These condition^ c.annot ever be nl»se>lntcly fulfilled, and therefore 
fonnd.ation« should be nirauRcel in such a manner ns to ensure the 
settlement, which always tabes place more or lc«8 in all engineering 
work®, iKiing uniform. 

rrofes'or Hankinc gires 2,50ft to 5,500 Ihs. per sf]nnrc foot ns a safe 
load to he put ijjwn a firm foundation-lied, such as hard clay, dry 
gravel, or clean dry sand ; however, in many instances of existing 
huildings in liondon, ns much as 5 tons jx:r square foot is safely carried 
on gravel and on Ixindon clay. 

In the ease of rock the intensity of the pressure on it should not 
exceed at any point onc-ciglith the crushing strcngtii of the rock. 
The following are considered safe loads for ordinary rock foundation* 
bed 

TAIILE 112.— "AFK I.OAPS FOlt OltDIXAUY F.OCK FOU-S'IUTIOX-PRP, 

I Ton* prr *i) font 

Rrtck mMcmtclj’ hard, ftronj; M the Strongest rctlbnck* i 0 0 

Rock of the strength o( goat concrete .. | 3 0 

Rock of a Tcry soft, crumbtf nature .1 18 


The bearing power of most solid rocks i«, however, far in excess of 
any weight which in ordinary buildings can he put upon them, hut 
great care must he exercised on rocky sites in bridging over soft dykes 
or fissures witii concrete, as otherwise unequal settlement will occur. 

Table 1J3, of safe maximum loads for various soils, is given by Jlr. 
Kewraan in bis work entitled “Earthwork Slips and Subsidences.” 

In order to ensure equal ECUlcmcnt the bearing surface on the 
foundation*bed should be extended until a uniform pressure, not 
exceeding the amount the special nature of the ground will bear, is 
attained. 

Tbe position of tbe bearing snrfacc should be as nearly as possible 
perpendicular to tbe pressure, and the lateral c'-cape of tbe supporting 
material or foundation-bed should be prevented. 

T^'itli these objects in view, tbe foundation-bed should be levelled or 
cut into horizontal steps, and if the groand is soft it may be necessary 
to retain it with short piling round tbe site, and even to build on piles. 

The nature of the ground to be bmlt npon should be ascertained by 
careful examination, and by boring or sinking test-holes. The former 
method is not to be relied npon, as it does nut afford tbe means of 






S\KITAnY EXGINKKniNG, 


TAllI.K in.-SAKK MAXIMUM LOAD FOU VAIUOIIS SOIL'< (XKWMAN). 


Aj'j'roximitr 
liixtimuiii l< A<t ill 
tiin« p<T I'l f "'t. 


ll<c, quick*inil, Biff'S inar»h lauil. till »0 toOi‘i> 

shVc nml imiil, Inn! ^>cit turf to 0 2." 

Soft, Wit, pi«tr, or nuiilily cliy nn«l mar-li cUr 0'2.'> to n.13 

Anunnl <!('j>o«U5 of nifnlcmteilcptln in rlTcrlx-ils etc 0 2i> to 0 .5' 


! P.ltiTiil cIat of rncr* 

All'iTnl nrtli, Imnn nn>l liwmy «>»!« (clny nn<! 10 to Ti> jhT 
nnt of nml) nnd clay !«nm< (^eby nml n!«iHt tUi jut irnt of 

I iMmjii'lai 

I !/»>*«' Mtv! in ^lllftlntJ rncr la-il, the «-»fe hw«l Iticrc.Kin;; 

^ I'l an<I intcnnixc*! IkhJ* of ilifloroiil ►otimi objt 

I .'•ilti'ij »ini) of niiiform am! firm charartor in a rnir !»<! 

ovurc from xinir. nml at Wlow 2’> fixt 

i rhj niizcil 'Mill Tiry lim*»anil 

I V III - r. iiKl •trtliia,:>‘ •n-l c •nllliin i* ri)a<-lilli iirmun In tin' 

I ra«* • r rUii <« i> \j mine* tli< lit Irxtii il rir 

I ,n>atn\ t> tl WO l•an>I,: rai-aot) Minn f iini I 

I r«|i|itlT ■till IlniriMi.lili •Ith •lli-l •ti-l tTrstrl Itn ir 

I ■<]( ]• ttin,; (aiarr u>uall; ii.rrv*«~l 

' yellow < bt I'oiitainui;; only the iionnal quinlilv of 

w-aicr * 

S !1<1 bill" ( bt. marl ntnl ln<lurtt«ii tnarl.ninl linn lamMir 

.•rafcl nti'l mikI 

* S* ft cli.atl, itr.(iiirr and aririUanotia . ... 

Il.anl itliili ihall I 

tl.n! fiarr njj- rtn i.al »ainl l» d* 

I'lffi • itnl* m i*»fuafu-« Iotk <tr .... 


0 to 1 .’0 

! .*.0 to 2(1) 


2.*)0 to aoo 

n(x> 


rt.vi to 4(1) 
4 (Id 


.'.(HI to 8 00 

1 00 to I'SO 

2 so to 1(0 
2 *0 to l-oo 
1 .'.0 to .Ml) 


I firm '■.im|oi i •md f.unil»t.ot.« at a coti'Mirabl'’ itrjiili, 
■» I 11 »n 2" fi"* t, ftti'l I'l fij a* t »ai dy {’raa* I 


a’" [ mfr. tn! ft mi tli»' «iitl cr. and < ban (rmril 

.-Ti» «f JTtIrl t- »T l» • itr- 

I t\»yt * 1 1 \ I I 

f‘%.' " • T1 l-»» i*«n •• z’ •♦•1 •f'l J* t «• * j«t 

»i .»>« f « a • C';IS • t •♦'r J 1 » H*»t !«’ ■t‘c» 

«\.t I •» I r -» I .• <-«•- - «f fli'r rr T) *M 


wl.f-tj.rr iJ.e fosl i« rerr otm| a'^l or ('tFcrwir^. Trial pitt 
»* .lliJirtf. re ftlw.aT* 1 ^* ait’tl. «lwrr prr.at wuj:l.t». ai in ll:'’ ca"c 
tf a cJiUr.ti'-r ilisft, Kate lo l*» itijijiortctl. 
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Rock affords an excellent foundation*l)C<l, especially when it ocenrs 
in horizontal layers of coarse texture, and free fiom crevices or large 
flaws ; otherwise it is very treacherous and uncertain. * 

In order to prepare it for building on, all loose and unreliable portions 
should be cut away, and the hollows filled in with cement concrete ; 
the rock may he cut into steps, which should be nearly horizontal, the 
outer edges having a slight inclination upwards. The lower joints of the 
structure resting on the steps shonld be set in cement, to prevent any 
tendency to unequal settlement. 

Beds of rock lying in an inclined position, especially if there be 
thin layers of clay between them, arc very liable to slide on eacli other 
when subjected to pressure. This may be guarded against in many places 
by cutting a trench across the slope of the beds of rock and filling it 
n ith concrete, so as to distribute the pressure arising from the tendency 
of the rock to slide downwards 5 the surface should also be covered witli 
a good depth of concrete. 

When It is found necessary to build upon n thin stratum of rock in 
pieference to going through it, it will be better not to weaken it hy 
cutting into it, but to build on its surface, giving a good spread to the 
footings. 

Firm Earth. — The term “firm earth ” includes hard dry clay, gravel, 
sand, etc. ft is more than over nccessiirj to keep the intensity of 
pressure uniform in the ca^ie of foundations havinsr to be made on liard 
dry claj', as it is liable to expand and contract under the varying 
influences of host and wet. 

A clayey soil, or even a shale rock, which is found very hard when 
being c.xcavatcd, may become quite soft on exjwsure to the air ; such 
ground should be covered in ns soon ns possible with a layer of concrete. 

Giavcl makes one of the best foiindation-bc^I'!, ns it affords good 
drainage and is unaffected by frost. It is often found in tliin beds oyer 
a soft snbstnitum ; this can be discovered by trial pits 
A good bed for foundations is obtainable on sand if solid, uniform, 
and dry; if, however, it is affected by running water it might be 
wariieJ away. Where sand has (o be built upon, sheeting piles should 
be driven in all round the foundation to prevent its lateral C'cai>e. 

Piling may be considered as a convenient inctluHl fur passing through 
a soft stratum to a hard one, so ns to iilTord cflicicnt support for he.irv 
engineering works. Piling is also a jwwerful liclj) in consolidating wet 
and soft soil to a considerable depth ; the atxa thus consolidated should 
be enclosed in the first place with sheet piling, which tlics affords a 
firm strata in opposition to the inferior one by Ipeing placed at ri'^ht 
angles to it. The piling and the cntloscd spa«s together may be 
considered ns a solid ma«<. 
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Pepth. — Professor Rankine shows that, snpposin" the earth to have 
no cohesion, the weight of a building which is uniformly distributed 
over its base must not exceed the weight of the earth nhich it displaces 
in a greater proportion than (1 + sin. ^)- to (1 - sin. and further, 
that if the pressure of a building is not uniformly distributed over 
its base, as is always the case with chimneys subjected to wind 
pressure, the intensity of the pressure on the side where the pressure is 

greatest must not exceed icx and its least intensity must 

not fall short of icx, the intensity of the earth pressure at the same 
depth as that of the foundation. In this formula <j> is the angle of 
repose of (he soff, tff its weight per cubic foot, and x the depth in feet 
below the suifacc. 

The following Table, which has been compiled from Newman’s “ Earth- 
work Slips and Subsidences,” gives the value of ^ for various earths : — 


TABLE 144.— VALUE OF ^ FOR VARIOUS EARTHS. 


Descnptiou of earth 

Angle of remote 

Weight per cttWo 
foot. 

Sand, very fine aod dry 

„ wet . .. . ... .. 

Soft chalL, impiiro and argilLaceous 

Vegetable earth, dry 

„ „ loam 

„ „ Tory ttet 

Degrees 

33 to 27 ) 

2C [ 

32 to 20 J 

211 to 18 ) 

3.3to2G 

17 to 14 J 

29 1 

18 

20 to 18 r 

17 to 1 J 

20 to 33 [ 

35 to 39 J 

lbs, 

89 tons 

100 to 120 

120 10 133 

90 to 110 

„ damp 

„ sound yellow, well drained 

„ wet 

Gravel, cle.'in and comp.ict 

„ with Sand 



The minimum depth for foundations on clay m this country is four 
fcet,Vn account of the action of frost, and the maximum pressure on 
the foundation-bed at this depth should not exceed two tons per square 
foot, but for every extra foot of depth this limit may be increased by 
one-fiftii of a ton. 

“ The 'compressibility of oolitic and tertiary clays can only be over- 
come by 'piling, deep sinking, lieavy ramming, or heavy weighting. 
The pomtVf bearing must bo carried below the possibility of upward 
reaction. \Tlie depth of a foundation in compressible ground ought 
not to be ips tlian onc-fonrth the intended height of the building 
above grounm — tliat is, for a shaft of 200 feet the foundations should 
be made secufC to a depth of 50 feet by piling or by well sinking and 
concrete, ilii sscs of conereti^ brick or stone, placed on a compressible 
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substratum, however cramped and bound, maj prove unsafe. Solidity 
from a considerable depth can alone be relied upon. Here enlarge- 
ment of a base may not in itself be enfficient.” 

Footings. — ^To decrease the intensity of the pressure at the base of a 
building and ensure its stability, footings are formed. This is done by 
spreading the bottom out in regular offsets, which should ncvei* exceed 
two and a quarter inches (i.e^ a quarter-briclc) on each side. The 
depth of the footings should be at least two-thirds the thickness of the 
wall to be supported, and the lowest course should never be less than 
six inches deep. In the case of heavy strncturcs the footings should not 
spread more than their depth below the surface, and it is better, if 
possible, to keep it within one-half the depth. 

If the footings arc to rest on a bed of concrete care must be taken 
that the maximum pressure per square foot docs not exceed the com- 
pressive strength of the concrete with a factor of safety of either four 
or eight, depending on its being subjected to a dead or live load. 

The following Table, coudensed from one which appeared in the 
BuihJer of 19th November, 1892, gives the compressive strength of 
concrete in tons per square foot : — 


TABLE !«.— COMPRESSIVE STRENGTH OF CONCRETE IN TONS PEP. 
SQUARE FOOT. 


No 

LlBM ind 

' Wrl,:l,t 
buVliel 

rroportion of Lime >‘T Cement to Oni cl 
and band 1 

I too itos ItolO Itoli 

1 

Grey Lime . 

1 - 

10 2 

6 




„ „ Selenitic 

Lias Lime 


IHi 

76 

1 


a 


II 4 

11 1 

11 '> 



i 

.. „ Selenitic . . 

. — 

172 

l'Ji> 

10 2 

1 


Lns Lime 

1 - 

22 0 

107 

■> 



6 

Sctenitic Litoc ... . 


26 6 

1*13 

13 > 



7 

„ Rugby LiA.. 


37 1 

.14 2 

21 1 




„ .tbcrthai> Lime 


31 I 

21 8 

1C.4 

_ 

0 

Ruzby Lias Cement 

.1 •» 

172 

107 

58 



10 

I’ortlaml Cement 

IN 

10<i7 

76 4 


37 1 

11 


120 

S6 4 

01 7 


2't 1 


IVhere a bed of concrete is laid under a building and allowed to 
proj’ect beyond these limits for the purpose of distributing and lessening 
the intensity of tbe pressure on the fonndation-bed, it should be con- 
sidered as a beam su\*jectcd to cro&<s breaking stress, and us thickness 
calculated accordingly. 

Table 14(1 on following page gives the results of experiments on the 
transverse strength of concrete, and is of great sen ice in making such 
calculations, 

• From the 26 Njt Is'.*’. 
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Wind Pressure* — It lias been foand by experiment that when a 
thin plate as in the case of an anemometer is exposed normally to the 
wind, there is in addition to the direct front pressure a negative back 
pressnre ; it is the sura of these two pressnres that an anemometer 
registers. In many cases, however, the conre^cnce of the wind at the 
back ofa structure is interfered wither prevented. The wall of a building, 
for instance, carries the front pressnre only, and in snch cases the pressnre 
due to any wind velocity is only 0‘C of the anctnometer pressnre. 

The following Table gives the results of the experiments of 
Hr. Smeaton and Hr. Dines with plates struck normally, involving 
both direct front pressnre and negative hack pressnre. 


TAHLE U7. 


V, 3Ji!« per tour 


JOO 

150 


SmMton. 


il 

12a 

2S1 

.V>0 

1125 


s-joire foot 


DlMt 


8S 
19 7 
3S0 
78 8 


The relation between wind velocity and preaurc on a thin plate is 
given by the following formula 

P* 0-005 

where P is the pressure in lbs. per square foot, and V is the velocity in 
miles per hoar. 

Knmerous experiments show that the wind velocity, and consequently 
the wind pressure, increase with the height above the ground. The 
results obtained by Hr. Stevenson in 1878 with strong winds blowing 
over a level field are that for a height of 15 feet from the ground the 
velocities were low and irregular even when the wind was strongest. 
For heights above 20 feet, the ordinates of the velocities at different 
levels in every case were those of a parabola haring its verte.i 72 feet 
below the ground level, so that 

If Y and r arc velocities at heights 11 and A above the ground level, 




H4-7 2 
A +72 


lienee, if P and j) are the pressures at these heights, 




H+72 
A +72 


* Lectore by Professor W.C. Unwin, F.RS.,M.l C.E., at Chatham, in 1897. 

8 1 2 
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Suppocin" the pressure at 50 feet is 30 lbs. per square foot, then by 
Jlr. StevcDson’a law, assuming that it may be extended to great heights, 
we get 

/ TAK1.1: 1 jfi. ' 

> 


Ilclglit al>o\egrauii<l in fecL 

Wind visi'ure <i« lbs. rcr saiiaro 
fold. 

50 

30 

100 

42 

200 

CG 

300 

HI 


We thus sec the importance of attending to wind pressure in lofty 
slmeturcs. 

Pressure on Solid Bodies of Various Forms. — When a solid body 
is jiroscntcd to the wind the front pressure is modified if the face of the 
body is not plane, .and the negative or bach pressure is modified if the 
form of the body interferes with the convergence of the air in the wake. 
If wo put K for tlic ratio of the pressure on a body to the pressure on 
a thin plate, of area equal to its projected area on a jdauc normal to 
the wind, then we have the values of K in Table 1 ID. 


lAm.i: i4t). 

fsliSl** nf ••lij.'it. 


I'or a (!])l)crc 

„ cube 

., cyllniler (lictgtil = diam ) . 

„ cone (liciglit as di.im of Irt^c) .. . 


On a cjlindrical chimney, for instance, the wind pressure would be 
only about oncdialf that on a thin plate of area equal to the projected 
urea of the chimney. 

The cficet of obliquity of surface to the direction of the wind is 
expressed by the empirical formula of Duchemm {vide article on 
Hydraulics in the “ Ilnt^clojwcdia Uritannica” page .MS, by Profes'or 
W. C. Unwin. IMl.S., M.T.C.ll)— 

If ^ is the acute angle between the pluiie and the wind's direction, 
and 1’ the pressure per square foot of a plane due to the same wind 
striking tlic {'lane imrmalJj then for imy oilier inclination tlic 

normal pressure per square fiiot is 

N«P - 

1 +fiii.* ^ 

Wlicn a plane is oblique to the direction of the wind the pressure is 
greater toward the U-nding edge; tlasapjicarBlo ajiply to both tlic iwsitire 


K K 

wind 

0 :u 


OSI 

Nnrmal to face. 

<1 <>r> 

I'.irallcl to dingon.'kl t>t face. 

0 47 

Norms! to axis. 

0 3^ 

Varallcl to base. 
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iind negative pressures. Thus in the case of a rectangular surface at an 
angle (j> to the direction of the nrind, the centre of pressure may be con- 
sidered as situated ut unequal distances, a and b, fiom the leading and 
following edges of the plane. Thns we have the following value 


TABLE IM. 


*• 

' h 

72"— Tri® 

0 ‘» 

67"— CO* 

os 

43"— 18" 

07 

26"— 29® 

or. 

13" 

06 


If the oblique plane is not freely exposed, but the direction of the 
current of air is diverted by other planes in its vicinity, as in the case 
of a roof resting on a wall, then the cfiect of the wall is to throw up n 
current of air which more or less diverts the prcs«uic from the roof 5 
the higher the wall in proportion to the length of roof the greater is 
tho sheltering cfTect produced. The cflcct of shelter on roof< with 
various inclinations is shown by the following Table, compiled from 
experiments made by Professor Kernot: — 


TABLE 



Nomul |>re««iir* un •>l■ll•|U' | It 

.* 1, 0.1,1 ox 

to iloHxoouL 

Fr*"lj 

Mi»IUr«l It •*!! 

HI 

»ii»H4TT.i i T »»ii 

1 •riituiitui.i. 

CO® 

»i 


75 

46" 

s; 

2» 

6*. 

.1(1® 

72 

10 

It 

20° 

61 

U 

0 

The j're**urc on 

a vert toil sDTta'v r>{u\l to the r« 

f aiTT l» in^ lit' 


As rrganls wind prcs«nrc on !»ridgc*, the Hoard of Trade (’ommiiioc 
of 1881 reooninicndeJ (lint a factor <if safity of t slmulil a<l<>jitoti 
in fixing the limiting ftrc««cs; and regard* mere ovtrtnrtiing of 
tbo liridge by viml piv«*urc, Ibey con*idm'<l a fjitor of nfili of 
2 Fuflicicnt, 

Chimney Shaft, Bouihamplon I>catructor Worlkt. -T1 >• F’laf*. i« 
constructed of circular britlnorL in* fit: in hiv’-t m ih' grfjnJ 
line, inside dinnutir at (be It'j* f. Uxt. ditto at I'r 7 f-^t, 

c\>n<truct<\l iij>on a ]«di"t.il 14 fitt C it.ihr-* sjuarc aid 21 in 
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height, of brickwork 3 feet thick, then in 4 sections as follows {vide 
Fig. 494) 


1st in 27*111. brickwork... 
2nd in 22^in. „ 

^ ord in 18-in. „ 

( 4th in 14-in. „ 


30 feet high. 
SO 

3S „ 

S8 „ 


“The first thirtj feet is fire-brick lined, with a c.avitT of fonr and 
a half inches behind, ventilated to the outer side. The lining is 
steadied b/ licader firebricks, which project sufficieutij^ to touch the 
common brickwork. 


“The foundation is loamy clay, upon whicli is laid a bed of concrete 
thirty feet square and ten feet thick. 

“ The footings commence at 23 feet 2 inches square, and step off 
in regular courses up to 16 feet square, at a height of G feet. The 
concrete was filled in continuously until completion. The pedestal 
was then run up and allowed to remain for nearly tlnee months during 
the winter, after whicli the works proceeded until completion, whicli 
occupied about sti months. 

“The cap is white brick in cement, with a string coiii’se about twenty 
feet below the top, also set in cement ; the rcm.ainder of the shaft is built 
in mortar. This applies also to the footings. Xo cramps worn used in 
the cap. 

“ Foot irons arc built inside in a winding lead to the top. 

“ Tlie shaft is provided ivitli a copper tape lightning conductor, with 
inch rod and crow’s-foot seven feet above the cap. The tape is about 
215 feet long, the end being carried into a well. 

“In August, 1888, the shaft was damaged by lightning, but was 
easily repaired, owing to the provision of the foot irons referred to. At 
this time the shaft was plnmbcd and found to be quite vertical. The 
fires were only damped down during the repairs, which occupied about 
eight days. With the exception of this interval they have been 
constantly burning for nearly four years.” 

Chimnoy Shaft — Stability on — It is usual to design a chiniiicy shaft 
in the first place, and then calculate its stability, which should be 
independent of the strength of the mortar with whicli it is constructed. 
The only external force to be dealt with is the wind-jircs^iire, and this 
is gencmlly taken at 50 lbs. to the foot Bni)cr, which should be ample 
for the IJritish Isles ; but in the case of very lofty chimneys in cxiioscd 
situations the increase of pressure with height above the ground level, 
as iwnfed out by Professor Unwin nt j». 861, //«//*, should certainly be 
kept in view. It is very probable that the excessive rocking of some 
tall chimneys is due to this |)oint having been overlooked in their 
design. 







856 


SANITARY ENGINEEUING. 


The first step is to ascertnin the weight of the shaft on tlic joint 
of maximum compression, which is found generally either at tite 
ground-level or on the top of the pedestal, if there be one. 

Tlie moment oflnertia of the joint at this level is required, and for a 

circular sljaft=^ where r and rj arc the radii of the outer and 


inner faces of the shaft. 

T|ius ifp = the actual force of the wind in lbs. per square foot, 

S = area of diametral plane, 

' ‘ A = height of chimney above the joint in feet, 

jthc moment of wind-pressure {ov circular cliimncy=j\r=sSxf,^x^^x 
foot-ton, , 

I 

Here the centre of pressure is taken at one-half the height of tlic 
chimney, which is above the centre of gravity of the diametral plane ; 
hut according to Stevenson’s law the centre of pressure, especially in 
exposed positions, would be found at some distance still higher above 
the ground level. 

The area of the cro«s section of the joint under consideration is 
A «» ff (r^ - for a circular joint, and A = D--fP for a rectangular 
cross section. 

By substituting the appropriate values tlius obtained in the following 
equation, and making wc get the vnlne of p. 


y 


N 

A 


Hx/ 

21 


0 


where 

y = minimum compression per unit of area. 

N « total normal pres'^ure on the joint, 

A*’ the area of the cross section of joint. 

/ = the maximum width of the joint, 

T = the moment of Inertia of the cross section. 


The maximum pressure at this joiiit=2--, and must not exceed in 


intensity the safe working stress of the raatcrialR. 

If the joint thus tested ison top of n jwdcstal, tliocalculations should 
be repeated, after making the neccssaiy changes, at llte ground lei cl ; 
the fitnbility at each decrease of thickness of brickwork in the slinfl 
sIiouM then be tested in (lie same way. 

To n'ccrlain the nmxttnmn pressure on t!tc foiimlation>«, no must find 
the position of the centre of pressure at the base of the shaft. 



CtItMXEV Slivrts. 


Acccnllc^ tc the apj’rvxinaie tV'itk’D< for centres of j'ro<« 

sure, na-^er tbo coDiliti-'a I'm jn-^s^tire ih crriiv-t vwfonnlij ft tm a 
m^Lnivi'n al on/' n/V rtoi'iin-j a' Ihc A/y-'. are situite*.^. for a 

holloa souare factorr ihiciccT, at a di'^acce of ^ / to ^ f from the cxli^e 

of caiimum compression, and la the cu'C of a circular ritt^^ ^ htheso 

po'iticns am. how eter. cult correct for thin rmc:<. A more accurate 
determluatioa is afforded bv Captain C. h*. Close, K.K., li-lo juse 820, 
“ The rriscipVs of Strtmtural IVstju,** br Major Scott-MoucrieQ', K.K., 
where if {=the dUtacce of ixiitre of pressure fiom the wmdw.trvl c<.Ige, 
then for a clrcnlir cr\>ss section where and il are the outer aud inner 
diameters, we hate 

5h* + ifJ 

Similarlr for a square section, where D aiul (/ an* tlie lengtlis of the 
outer and inner sides, 

ol» 

If now we comivand tlje total weijrht of the slmfl, aaing through the 
centre of pressure thus fsniml, first with tho weight of the fwtiugs ami 
then these two together with that of tho concrete I'a'^e, we obtain the 
pwition of the centre of pressure on tho fonmlation'bod. 

The abore operation may 1*0 efl'wtt*tl either graplueally, or by 
tahiug moments about the outer edge of the shafi or founihiliond>ed 
resi>cctiTely. 

The following formula gives tho maximum presbUio on ilio fomidatiun- 
bed {viitf jvige “Instruction in Conslrnctloii,’* by M»jor*0eiieral 
IVray, C.M.G,, IIX.) 




where 

N=total normal pressure on tho K'd. 

t =longth of tho concrete Inti in the dinHitioii of mnximimi prohiiire. 

J=minimum ilistancoof tho centre of piesim-o ns pit-ruiiisly foiiiid 
from tlic outer edge of tho joint. 

Tlie value of Y thus found should bo within tho bearing caiiacUy of 
the Soil ; viiJe Table 148, p. 840. 

As regards tiio cross breaking strength of tho coiicreto bed it is Itost 
to consider tho ofi'scts of the footings os elnstic, for it is not to ho 
supposed that the extremity of tho loottngs enu hour ns imieh ns tlie 
portion close to the outer edge of tho supcriueiuiiheiit masonry } if then 
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wo take it as nil at the point and increasing to the mean normal pressure 
at tlic tliickest point, the centre of pressure for tlio ofTtet will be at a 
distance outwards of one-half its breadth The moment of flexure 
should therefore be taken about this point, the upward pressure being 
the mean pressure on the projection beyond the centre of tlie footings 
multiplied by tiic distance of its centre of pressure from the centre of 
tlie footings. 

Example. — To inquire into the stability of the chimney in Fig. -lOS, 
p. 855. Taking tlic brickwork at 112 lbs. to tlie foot cube, we get 
from tlio top downwards : — 

Totk. Ton* 

Rtoughl forwanl .'{7 4G 

J'lrcbriclc lining; nt J50 
Rh. lo ft. fu. ......... I7'37 

Toolins^ 110!'C> 


C7:'73 

Concrcteba^cot 131 IM toft.cti. 

K.irth supported 17046 

Total weiffljt on foundation-bed IS'S'oS 

If S=area of diametral plane of chimney above joint to be examined, 
in this case the foot of the pedestal : 

X=s547‘46 tons. 

S=:1484’6 4-24 x 14' 6'=l484*6 + 848=:1832'G square feet. 

M=:S ^ 5 fdot lbs. = 32*7 (fooHons). 

^suraing the pedestal to lie square inside as well as outside 
I A=14' C"^ - 8' 0'-= 138 square feet. 

\ /=14-jfeet. 

I I:=l(D^-cl^)=l/14'G"*-3'G'*)==3246-75 (feet), 
pen 

/ .._N Mi 547-46 32'7x;?xl4'5_n 
) ^ A 21~ 138 2x3248-73 

jAs there is now no tension on windward side, 

.-. 54-36 lbs. per square foot, 

which is ample. 

I Maximum piessurc on this joint=2^=7-934 tons per square foot, 
=123-4 lbs. per square inch, 


Ton-*. 

Wciylit, 1st scctloH... ...... ...... .'»8C.‘i 

2nd C7 ir, 

„ 3rd „ 7.*. 47 

„ 4th „ 113 23 

Wci;;ht of 8h.ift 31.7 23 

Pedestal 2.12 21 

C.trried forwaril .7I7-4I5 
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nliicli is well within the crashing strength of good stock brickwork in 
lias lime mortar, taken at -100 lbs. per square inch. 

Similar calculations might be made at each joint wlicrc an alteration 
in thickness of masonry occurs- 


Poundations. — To ascertain position of centre of pressure : — 


? = - 


4D2+^?' 4 X 14‘52+8-52 


:8'83 feet, and is thus situated at a 


CD ~ 0x14*5 

point 1*58 feet from centre line. Compounding the weight through 
this point with that of the footings, wc get by taking moments : 

X C75-73=547*4C x 8*83 + 128-27 x 7-2.'i 


. ?i= 


,4834*1 


-=8 528G 


or 1*278C feet from the centre line. 

Compounding these two weights with the concrete bed, eartli-filling, 
and brick-lining s 

q^ X I372-52=675*73 x 1C 278C + CPC 79 x 1.'^ 

n000+I0452^j,.p3reet 

1372 52 


and minimum distance from outer cdgc=S0 - 15 C3= J 1*37 feet. 
The maximum pressure is obtained ns follows : — 

=51-5 tons on outer edge 

.^>15 
' 30 


Prc5«nre ]>cr square foots 


4 ton®. 


Tliis is perfectly safe, as the bearing strength of gnnel is from C to 8 
tons per square foot (Table 143, p. 8IC), 

To ascertain wbether the thickness of the concrete bcii is sullieicnt, 
it is iicecss.'iry to find centre of prcs'ure on projecting |>ortiim from 
centre of footings : — 

llnlf-width of footings =“** *’’=2 I' 

licnglh <if projection =15 -(7 C' + 2 r) = 5 

pri‘«sure nl centre of fi»oting»« I ’IMT 

in cxce-ss of normal j>n»‘nrc j ~ 15 *' ? — tut. 

Total pre««ure at this j»oint +*05?ni= i.M.:.' 


Di'tnncr ofcentri*of |ev*«srej • 1 PI 7 

of pri'ii’ction fis'in cintre off = . , i..,-*’' 5'’=.-.5-ri r «. 

fiK'tings J * J • 
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nnd M=(-15l3x-18»7)x3,V7! x.y 5' 

• iht = 1 X -330 X 35*7 1 X 03 

‘ ’ G 


fl'- 


2tx*33Gx3fr71 xGl 




[r=l‘39 for concrete, 1 Porthud cement, 2 snnd, 0 gravel, vide 
Table 14G, p. 850.] 

(f= 115*0 inchcs=:0'G feet. 

The depth of the foundations in this case is one-tentli the heiglit of 
the shaft. 


Coat of Chimnoya. — The cost depends upon the nature of the 
foundations, materials of construction, dimensions, and design. 

It is therefore only possible to give a very npprovimntc idea, but 
brick chimneys ranging from loO feet to 170 fett m height usually cost 
from £ I to X5 per foot in height 
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TKADE EFFLUENTS. 

Composition of Trade Effluents. — The following extracts from 
a report by IV. Naylor, F.C.S., A M.I.C.E., to the Ribble Joint 
Committee, describe in detail the composition of some of the ti.ide 
effluents met with in that district. 

BLtueneXQ COTTOM. 

“Tlio object of the calico bleacher Is to remore as much of the 
foreign and objectionable matter from the woven fabric as possible. 
This consists of the natmal resinons, fatty, waxy colouring and 
albuminous matter and the artificial matter introduced in the sizing of 
the warps, ns well as adventitious dust, dirt, and grease. 

“The nature of weaver’s size vanes m different mills, some sizes 
being subject to patent law. The composition of a common size, witli* 
out loading, is given by O’Neil as follows — 1 cwt. of potato starch, 
G lbs. of tallow, C lbs. of soap, 1 lb. of sulphate of copper s the woven 
fabiicto contain 5 per cent. dry. 

"A loading is often added winch may bring the percentage of size to 
even thirty, though c.iIico printers as a rule work with pieces containing 
less than this amonnt. 

“Assuming the calico to contain only 5 per cent., then, when 
10,000 lbs. weight of cloth is put into'the kiers, a bleacher has to 
deal with 30 lbs, of tallow, f.>tty salt of copper equal to 15 lbs. of tallow, 
and 448 lbs. of starch, or nearly 5 cwt. os the lowest total. 

“The process of blcacliing, though differing in almost every mill 
according to the market supplied or as to whether it he for dyeing or 
printing only, is in Lancashire mills substantially as follows : — 

1. The pieces are washed to remove loose dirt and to soften the 
starch, etc. (sleeping). 

2. Boiled in milk of lime to decompose waxy, greasy, and resinons 
matters as well ns soluble soajisinto insoluble soaps. 

3. 'Washed. Some we-avers* starch lost. 

4. Passed through a sour of weak acid. Lime soaps converted into 
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fatty acids and salts of calcium. Any lime left in cloth is dissolred, as 
are also any metals in size. 

5. IVaslied. 

C. Boiled in rcsinate of soda or alkaline substitute. Fatty acids 
dissolred. Vegetable brown colours loosened, 

T. AVashed. 

8. Passed tlirongli chlorine solution or "chemfe.” Colouring matter 
bleached. 

9. ^Vaslied (sometimes omitted). 

10. Soured again in weak acid. 

11. "Washed for final cleansing. 

“ In order to note exactly the extent of pollution caused by cacli of 
these steps in the process of blcacliing, samples were obtained through 
the kindness of Hr. Wood, from Brinsc-all Bleach and Print Works in 
January, 1893, which gave results as follow 


TABLE )f.2. 

pRltlKS A— nLEAClIINO PROCESS .\T WOOD'S. DRINSCALL. 



** In tliis senes of analyses it will be noticed that the bulk of the 
soliili he m— 
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TABLE 153. 


Sftiei Al 

Ortntile 

Solult 

lonrimiic 

Soli4«. 

Totjl 

R.-I»tive 

rroluctof 
nrlatne 
tolome ■n'1 
Totil .V>1ii1« 

The First Steep 

Spent Lime from Kcir 

Grey Sour 

Spent Ash 

SOI 0 
71R-R 
IfiT-.’t 

593 
143 f 
2*17 7 
SOS! 

2f.n.t 

RfiSl 

4R*.0 

Gull* 

"O.oisi 

I.Ool) 

I.ton 



5,211(1 1(0(1 
111(1 
77(1,001 
1,901,900 


“ The sum of the relative \olunicB of these liquors comparej with the 
whole volume of waste is as 1 to 4. 

“ If the relative volume of the water used in any particular step of 
the process be multiplied by the total solids, the product will, of course, 
be the relative amount of solids c.arricd out into the river by the water 
used in tlui step of the process. (To convert parts per 100,000 to grains 
per gallon, multiply by *7.) 

*" Estimated in this manner, the total sohds contained in tlic«c four 
(Scries Al) together, arc to the total solids in the whole of the water 
turned out ns 9 to 14. 

“Since then tlic«c liquors forementioned (Al) con«titutc only onc« 
fourth of the whole, but contain ninc^fourtccntbs of the solids, the 
question nri«c8 ns to whether it should not be made coinpul«ory to treat 
these liquors at least, and the option given os to whether tlie others be 
treated or not. 

“ It follows, too, tliat tbc remaining liqnor* ninonnl to three-fourths 
of the whole, but only contain five-fwartecsths of the totil solid* 

'• It should nl'o Iw jointed out that the ratio of organic to uiorganie 
matter in the forementioned AI.isus to l.'J, and in the rcnmining six 
n« I’l to JJ7, which indicates gn-atcr liability to cl'xx'tnj>‘i«c m the (a-nes A I. 

“The remaining six allude*! to are — 


T.MU.n r.i 



•' .Kfitr t'lov li'jDi r> rxftm'J to as Imr^ i! t o *• - i' »• “ 

Chrmic’* and •• White .<-»ar " la c’d-r tf exsta': lUit.c.’ ; a- 1 
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as the relative volume of these two is but 3,70Ci, they would be 
advantageously classed with the first four as requiring treatment. 

“ The process of bleaching is essentially a process of washing, and the 
objectionable matter washed out is moie liable to decomposition than 
appears at first sight. 

“Professor Hummel (Dyeing and Calico Printing) speaks on this 
subject as follows : — 

‘ In bleach works the refnse liquids consist of alkaline and soapy 
solutions, together with such as contain calcium chloride, traces of 
bleaching powder, and free acids. Here are all the elements necessary 
to mutual purification, if allowed to mix together in due proportions ; 
the calcium will piecipitate the soap solutions, while the free acids will 
neutralise and precipitate the alkaline liquids and decompose the waste 
solutions of bleaching powder.’ 

“The following analyses of bleach liquor indicate its putrescent 
natme, though it; will be noticed the organic nitrogen is small in 
quantity. 


table 135. 

Seute*, b— analyses of average bleach waste showing organic 

MATT ER 



• Uue principally to •eWa t Coloured by “ tick rieres ” 

•lOTE — Tae above a.impl«» and alt to follow were accepted Oom manufacturers ns loni JI'U apeclmetis 
of waste, but can only be atncUy considered as aucU for the time defined 


Dyding akd Cauco Printing. 

Ifyevig. 

“ Dyeing is briefly the process of iwissiug fabrics through solntions of 
colouring matter, under conditions favourable either to the temporary’ 
or permanent retention of the colouring matter by tlie fabric. Tlieie are 
many colours which, though not readily absorbed by the fabric itself, 
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salep, shellac in borax, susar, 'Wheat flour, wheat starch, zinc chloride, 
and zinc nitrate. (Gardner.) 

“ The ‘ whites ’ or-piecea to be printed are rnn between the plain and 
engraved cylinders, together with blankets and ‘back pieces* or 
‘ back greys,’ which in dne course become themselves smeared or 
coloured, and upon being washed and bleached give a colouration to 
the bleach waste. 

TABLE 137. 

Series ©.—ANALYSES OF AVERAGE DYE AND CALICO PRINT AVASTE, 
SHOWING ORGANIC MATTER. 


S O' 

Me 

'<‘5 

Date. 

Nature of Sample 


Free 

Ammonia 


Chlorine.* 


&- 

OR 

C 

N 


Total 

Nitrogen. 

118 

Srd Feb , 
1893 

Sample of vrasts dye 
(aoiliBe) 8Dd thicIceD- 
Ing (Oraftou & Co, 

204 3 

•27 

0 

SO 

O'SS 

•S29 

20 to 1 


•649 

ISO 

10th Feb, 
IS93. 

Ssmplei of dye wsate 
(aniline), Suooiog’e. 
Leylaod 

220 0 

•30 

12 

37 

S3 71 

8 09 

11 tol 

1-49 

4 69 


* DuepriocipallT toaodi 


“It will be seen from these analyses (Tables 15C and 157) that tJje 
character of dyers' refuse is almost as objectionable as it appears. The 
colour itself, however, is very diflicult to obliterate entirely, though this 
can be done with proper appliances. A small quantity of colour will 
give a very decided tint to a large volnme of water, the amount left 
in the dye becks to bo thrown away being only that which remains 
unabsorbed after it has been worked uutil its value is less than the cost 
of running the machinery. The chances of its being removed in tlie 
becks at any time are small, for since these are heated by steam in 
contact with the liquor, which steam is continually condensing, the 
volume of dye liquor is continually increased, and the strength decreased 
accordingly, and the weaker llie strength of the liquor the longer the 
time required ,for a given piece of fabric to abstract the colour. An 
eicess of colour is always added too, otherwise processes which now 
require hours would require months. The thought of abstracting all dye 
in the dye-house must tnerefore be dismissed until mordants are dis- 
covered which will take up all the colonr from solution, and that quickly. 

Paper Manufacture. 

“ The basis of all papers is vegetable fibre or cellulose, and the object 
of the paper*tnaker to divest vegetable grovtli, esparto grass, linen 
cuttings, cotton rags, rye-grass, liemp bagging, stiaw, tarpaulin; ropes, 
peat, etc., from any other matters associated with this fibre or cellulose. 
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Sach assocwtcd mattera are resins gums, sillcious coatings, fats, oils, 
and Tcry largely adrentitious dirt. 

“The process is briefly : — 

1. Dusting and picking — refuse solid. 

2. Boiling raw stuir uith caustic soda, to saponify fats, vegetable 
oils, and resins — soda recovered. 

3. TTnsbing raw stuff after boiling with caustic soda, now termed 
lialf-stulT — soda recovered. 

4. Breaking up half-stufTlo pulp and washing in breaking engine — 
effluent w.^ah water goes to river. 

0. Blcacliing the washed and broken half-stuff in poacher (or by 
means of chlorine gas) — bleach liquor used over again jf clilorme is not 
all liberated, otherwise goes to river. 

G. Beating bleached stuff to a pulp by means of beatmg engines, and 
washing further — effluent goes to river. 

7. Passing pulp (after siring, colouring, and loading) through paper- 
making machine in which it is strained, layered, rolled, and cut, emerg- 
ing as paper— water from paper machine used over again continually. 

“In ciamining the effluents from these processes the spent soda (2 
and 8) may be left for the present as it may and ought to be recovered, 
except perhaps in the cases of mills making brown or shop papers 
exclusively, where only a small quantity is used. Effluents from 5 and 
7, it will be seen, are used over and over again, thus leaving only tlio 
wash .waters from breaking engines (4) and beating engines (C) to be 
dealt with, us that from 1 is solid. 

“The effluents (4 and C) are always more or less foul, depending upon 
the material in hand and, of course, the particul.ir point of time in the 
frasliing process, the machines mnning generally about one or two hours. 

“ Samples of machine effluents were taken from Hessrs. Dimmock's, 
Danven, their natures being depicted below : — 


TABLE 168 

Series n.—AKALTSE8 SIIOAVING SOLIDS IN I'Al’ER MILL WASH— PARTS 
PER 100,000. 
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Tanniko. 

“ The refuse from tanneries is of n highly offensive character, due to 
the animal matter it contains from the washing and soaking of skins. 

Beside considerable quantities of ammonia, old limes contain 
tyrosin, leucin or amidocaproic acid and some caproic acid, the dis- 
agreeable goaty odonr of which is very obvious on acidifying an old lime 
liquor with sulphuric acid, by which considerable quantities of a par- 
tially altered gelatin are at the same time precipitated. Very old limes, 
especially in hob « eather, often contain active bacteria, which may be 
seen in the microscope under a good }-inch objective. Their presence 
is always an indication that putrefaction is going forward. ... It is 
probable that in many tanneries the ammonia would pay for recovery 
from the lime liquors, which would be easily done by steaming the old 
limes in suitable vessels, and condensing the ammoniacal vapours in 
dilute sulphurio acid. (Some appliances suitable for this purpose are 
described in the Journal of the Soc. of Chem. Industry, III., 630.)" 

H. R. Proctob, F.C.S., on Tanning. 

Soap. 

“Common soap is a combination of alkali and fatty acid. 

The soap-boiler boils alkali and neutral fat— /lof fatly add, A 
neutral fat consists of a fatty acid in combination with glycerin. When, 
therefore, a neutral fat is boiled with an alkali soap is formed, by the 
combination of alkali and fatty acid, while the glycerin is left in the 
mother liquor. 

‘‘ In order to effect the readier separation of soap from the mother 
liquor common ‘salt is added. This mother liquor may contain, 
according as to whether white or black soda ash used — 

“ Glycerin, common salt, sulpho-cyanides, cyanides, snlphides, albu- 
minous, resinous, fatty, colouring, and other organic matter. On a 
large scale the glycerin is recovered, but it is not at present in the 
smaller soap factories. The number of these in the Kibble basin 
supplying soap to tlie print mills and cotton mills for size is very 
considerable, the effluents therefrom being, to say the least, most 
abominable. 

“For making the cheaper class of soaps dirty law materials are 
often used, the dirt from which, for the most part, enters the river 
with the mother liquor. 

“ From soap factories there issue os refuse waters the mother liquors 
(iinlertaKgen, lit. under lyes) which remain at the salting of the curd, 
and which contain in the main common salt, glycerin solution, with 
generally a small quantity of caustic soda, the exact quantity of which 
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Ims already been fixed by tbe economy of the factory management. A 
soap factory which produces daily 500 kilos, of curd soap, supplies 
about 2 cubic metres of lyes as refuse which may contain from 5 to 20 
j>er cent, common salt.” (Fleck, 12th and 13th reports of the 
“Chemischer Centralshelle zu Dresden.**) 

” Sample of mother liqnor entering Hyndburn Brook from H. Bury, 
jnn., and Co., Church, 10/3/93, No. 1C2 : — 


Organic matter ... 

G,232 0 parts per 100,000, or 

6*2 

Jlineral matter ... 

8,810 0 „ 

„ or 

8*8 

Total solids .!.... 

15,042*0 „ 

„ or 15 

Caustic soda 

120*0 

or 

•li 

Glycerin 

1,009*0 „ 

„ or 

1 

Fat 

6,984*0 

ff or 

6*9 

Chlorine, equal to 
common salt ... 

5,30*2*0 

„ or 

5*3 


“A fatty scum often arises from the soap pans in emptying motlier 
liquor, which is skimmed in{6 a tank and allowed to drain. 

“Sample of such drainage from II. Bury, jnn., and Co., Church, 
2/S/9S, No. 1C3 

Organic matter 242*0 parts per 100,000. 

Jlineral matter 532*0 „ 

Total solids 774*0 „ 

Fatty anhydrides 1,272*0 „ 


Tallow, ilAcniNE Oil, Wagoo.v Grease, etc. 

“Suet, tripe cuttings, slaughterhonse offal, and other snbstances 
containing fat are boiled with acid, when tbe fatty acids rise to the 
surface, leaving below a very foul liquor for an effluent. 

“ Sample from Bridge, Baron, and Co., Church, 10/3/93, No. 164 : — 


llincral matter 1,682*0 parts per 100,000. 

Organic matter 4,514*0 „ „ 

Total solids C,19G0 „ ‘ „ 

Acidity 12 p.xrts per 100 Normal 

Soda required. 

Fatty anhydrides ... .. 1,166*0 parts per 100,000. 

“ Effluents from three last-named processes should be freed from 
any unused fat, soda, or acid in working, and afterwards treated by 
precipitation and filtration.” 



APPENDIX 11. 


SEWAGE FUNGUS. 

The presence of sewage fungus in a stream or channel is an unfailing 
indication of sewage contamination, and its presence in any quantity in 
the neighbourhood of a sewage outfall may be taken as conclusive evi- 
dence that the liquid being discharged there is not thorouglily purified. 

No scientific description of this fungus was published in this country 
until the Second Report of the Royal Commission on Sewage Disposal, 
189$, was issued. In this volume in the Report on the investigation 
of the River Severn by Professor Boyce and Doctors Grunbaum, 
llacOonkey, and IIill, the following information is given ; — * 

*‘Tlic ‘fungus’ Is a gelatinous, cottonwool-like, and wavy, wliite or 
reddish growth, which is found in shallow water, covering stones, lining 
drain-pipes, or attached to water plants and debris 5 we have also found 
it in abundance in a urinal. It is an unmistakable indicator of sewage 
contamination, and quantities of it are often to be seen in the sticams 
of sewage farms, and in the small brooks and drains highly charged 
with sewage which are found in the vicinity of liouses and villages in 
the country. In company with the Commissioners we first saw it at 
Dewsbury in the mouth of the main effluent from the sewage farm. In 
this case the effluent was very bright, the tufts of the fungus were very 
long, and of a rusty colour, owing to a deposit of oxide of iron. This 
fonn of the fungus we subsequently identified ns Leptomiliis lacleus. 
Later at Birmingham wc encountered great quantities of fuugus in the 
stream receiving the varions effluents from the sewage farm. Soserious 
had the growth become at Birmingham that it had been found nccc&sary 
to remove it by means of screens in order to prevent it from passing 
into the river, where it wonld have produced a nuisance by setting up 
‘secondary decomposition.’ That it was capable of doing so was 
amply demonstrated by that which hud already been screened 
out, and which had been formed inton heap ; decomposition liad taken 
])lncc wlien we saw it, the odour was \crj oircnsivc, and the red colour 

• The description with the ACCOin]ianjIns lHuUmtlons is published wilh the 
permiMlon of the Controller of Ilia Mnjcstj’i .Stationery OfTice. 
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of tlie oxide of iron, po cliaraclcristic of tlie lirin" fiingn?, had given 
place to the black colour of the pnlphidc. In Germany, whilst inspect* 
ing one of the large sewage f.inns at Ilcrlln, wc observed ‘ fnngns ' 
adhering to the debris in the small diluents, and wc were informed that 
it had l>ccn a source of trouble to a bathing establishment situated in 
the river into which the collected diluents flowed. Snb«cqnent inquiry 
by the nuthorities led to the conclusion that m this c.aso no importance 
could be attached to its presence. There is no doubt, however, that 
owing to the gelatinous, bulky, and easily decomposable nature of the 
fungus, and the readiness with which it becomes dcL'iched, it may 
become one of the chief causes of ‘secondar)’ decomposition’ in small 
rivers and streams which receive sewage. 

** In the Atcham Drook, where we first found the * fungus ’ in con- 
nection with the Severn experiments, the growth was wlnte, the tufls 
wavy and very gelatinous, and the brook almost completely choked 
by iU We could not at first account for its presence, for we were 
nnablc to see any source of contamination ; bacteriological examination 
showed that the stream contained large numbera of the B. eoH, viz., 
19,000 per c.c., and therefore that it mu^t bo receiving sewage, and 
probably close at hand. This sormisc proved correct, for wo traced 
the stream to a connection with the sewer of the Atcbam workhouse, a 
building which was l\idden from sight from the river, the other feeder 
of the stream waa apparently a pure water spring 5 the combination of 
clear running oxygenated water with sewage seems to be necessary for 
the development of the fungus. TTe did not observe the fungus passing 
into the Severn in any large quantity, nor do we tliink that under any 
circumstance it could lead to ‘secondary decomposition ’ la the river ; 
the volume and velocity and the conditions of growth precluded this. 
In no part of the river, except in this stream, did we find the fungus, 
and this is not to be wondered at, considering the very great dilution 
which we have sliown to take place in the sewage of Shrewsbury when 
it passes into the river. The variety of fungus found m the Atcham 
Brook proved to be Sphaerotilus mtana. We have had the opportunity 
of studying this variety for a very long period in the River Alt, a 
small stream which receives the effluents from the West Derby Sewage 
Farm. In this river the growth forms characteristic tufts attached to 
the stones of the bed of the river. It is readily detached, and is 
liable to form accumulations and to assist secondary decomposition. 

“ Classed under the heading of * sewage fungns ’ are certain distinct 
growths, the most highly organised of which is the Leptomitus, one 
of the Saprolegniacem, and, therefore, comparatively high in the scale 
of fungi. Next to it comes the Sphaerotilus, which may be placed 
amongst tbe more highly developed forms of bacteria. There are also 
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vnrioas hactermi Zoogic.a masses, \rhjcli may assume a branchin" ap|>ear- 
ance and simulate a sewage fungus. One of tlic most interesting 
obserrntions which we made daring our investigations of these most 
useful fungi was tliat in polluted brooks all the appearance of tlio 
typical fungus was sometimes caused by extensive growths of a proto- 
loou, the Cmtht^hnn lathmami. In the following brief description 
of llic I./cptomitus, Splmcrotilus, and Zooglca masses, it will ho seen 
that each variety indicates a ditTcrent degree of contamination. 

L^plomiltia Laclftts (j\gardh'). 

“ This oomyccte belongs to the family of tlic Saprolcgnincoa?. It is 
very soft, almost gelatinous, and may form white, rusty, or black 
masses. The white appenranco is the natural colour of the growing 
filaments, bat very soon this colour is replaced by a deposit on the 
hyphre of oxide of iron. The rusty colour of the fungus is very 
charai'teristic, and is an indication that the strc.'im in which it Is 
found is well oxygenated. If the oxygen is absorbed, as in the in* 
tcrior of masses of the growth, or in stagnant water, sulphide of iron 
ib formed, and the fimgns assumes n black colour, and undergoes 
puiroraciivc decomposition. 

*• Microscopic examination shows that it consists of long branching 
filaments, which arc constricted at regular Intervals} llie hranches 
bud off l>chiw the constrictions, and each segment has a very charnc- 
tcristic rcfractilc nucleus. Zoospores nro formed in the terminal 
segments. 

S/’Aarro/i/its ^Vo/a/ir, 

“This organism belongs to the Scliisonucelcs, and nny be readily 
confounded with the preceding. It forms qnifc as long wavy ma««esns 
docs I/CptomitiiB. It is, howeter, usually while utid cotton stixiMike 
w}»n fccn in the water. It is much more gelatinous than I/'ptornilii«. 
On stones in shallow streams, nr coating the sides of drain*piiH.-s, it forms 
low relrctr or fc.ilhcr-hke growths. I.ike Ix'i'tomitiis, it nspiircs <»xygcn, 
m»l grows ls**l In shnilowr wntcrcourrcs and where there is plenty of 
mo»<nitnt. Its pres‘'ncc iiidiciloH rniicli grenttr f«»Uiit|ori than dfxs 
th'- f"rmcr organism, nn<l therefore it is of lnij>ortonce to l>c able lodi<- 
tingnis!) th** two forms. In l«i» c,ves wlitn* batterinl niinhs's were 
rutlf of tie wat/r in nhicli Uith forms of • fiingns ’ wtre found, that 
i:i whifh I.ejito;jjiii;s orrrd confnimd rt hn'l h-s linn I('<* I> ‘a-/’* 
j--r re., nl.ib*. that m which .**phB<nitilcis was found (»ir., .Mtham 
Urok) o ni.iir.'^l ostr fcU i-r e.e, ^Vltll th** intnxlu.** 

Ion rf tf“ I I'-t^fial Ud iifth's] id tri.stm*-r!l this orgoiisui ha* n!o» 
r* sd- Its 0} jr-ara'i'T, In orerasr. wl.trc in t' e inril.*'*! of trrntn.ftit lie 
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bacterial filter is warmed, we found that the Sphacrotilus has made its 
appearance in large quantity, the conditions — circulation, aeration, 
presence'of IIjS and warmth — being most favourable to its development. 

“ It is, therefore, an organism which may cause blocbing of aerobic 
contact beds, and Horn these may find its way into effluents. 

“ Sphaerotilus has been long confounded with Bcggiatoo. It is allied 
to the licptothrix forms. As the microscopic preparations sliow, it occurs 
in chains of short bacilli, or as long undivided filaments. It is, there- 
fore, much more minute than Leploraitus. This is readily seen from 
the photomicrographs, which ore equally magnified. The filaments and 
lods arc surrounded with a gelatinous capsule. 

“A very great interest and importance may attach to this organism, 
if as Winogradsky has pointed out IT^ is essential to the life of 
Beggiatoa, and if this organism is the same as the Sphaerotilus. Tins fact 
would account for its presente in sewage. But, as pointed out above, it 
docs not grow in crude sewage, although theic is plenty of IIjS ; this is 
owing to the absence of the onjgcn, which is necessary in order to enable 
the protoplasm of the cells to take up the sulphur. Its presence, there- 
fore, indicates an oxygenated sewage polluted water, and it is in this 
class of water in which we have ourselves always found it. 

ZoogUa Masses. 

“ In crude undiluted sewage a skin-likc growth may form at the sides 
of the conduit in contact with the air, or at those points where crude 
sewage passes over a ‘lip.’ The growth, winch has a coarse velvety 
appearance, consists of club-shaped zooglca masses of bacilli, and it 
seems probable that this bactenum, if not identical with Sphaerotilus, is 
closely allied to it. "We found it in the very polluted drains entering the 
Severn. 

“ From observations at Leeds in connection with septic tank there 
appears strong evidence that the zooglea masses tend to form considerable 
quantities of sulphur from the dissolved sulphuretted hydrogen. Like 
the Sphaerotilus and Leptomitns they flourisli best where tbc stream of 
sewage is mo«t active and thinnest. This occurs in the case of the 
septic tanks at Leeds, where thceflluent posses over the lip. 

“The Sj'hacrolilvs nafans can be regarded ns peculiar to sewage 
contaminated water j we are not aware of its growing under any other 
circumstances. The Leptomitns thrives best in slightly jwlluted water, 
and there is no reason to think it may grow to even a sliglit extent in 
clean water. The Carchnium /urAntunni is a protozoon which we have 
found in great ma««es under similar conditions to tho«c of the Sjihacro- 
tilu«. In our esj>orience in no other conditions does it attain to such a 
luxuriant growth. Like, therefore, the sewage fungus it jilavs no 
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nnimporfant part in sewage pnrification. Green algae may also develop 
to an enormous extent in sewage-polluted water ; wlien lljej do so tlicj 
may be taken ns sewage indicators just in the same w ay as Sphaerotilus, 
l-cptomitns, and Carcliesium. In polluted land drains we have observed 
great growths of the Flagellate, EugUna vinilis, and most recently Dr. 
MncGowan has sent us a sample which filled an effluent derived fiotn a 
coke bed. Similarly Professor Letts has drawn attention to an Ulva in 
Belfast Loch associated with sewage contamination. Certain products 
of organic decomposition in the se\?ago appear to favour the growth of 
these chlorophyll forms as it docs tlieuon-cliloropliyll group, and as will 
be seen in subsequent paragraphs there is evidence that green algae may 
play a mo't important nnddircct share in purifying orgnnically'j)olluted 
water. When large masses of these green algae perish they give rise, like 
the sewage fungi, to very objectionable smells." 
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LOCAL GOVERN'JIENT HOARD REQDIREJIEN'TS 

wmi ttESrECT TO 

SEWERAGE AXD SEWAGE DISPOSAL. 

(lifiised, 1909.) 

After the foregoing pages were prmicO, bnt before the work wa? 
actoalljr publislied, tire Local Government Board were ooderstood to 
have adopted revised requirements for sewerage and sewage purification 
schemes embodying the recommendations contained in the Fifth 
Beport of the Royal Commission on Sewage Disposal. 

It is understood that these reqnireracols are suppleroenlary to those 
given on pp. 772 el eeg. so far as they are not antagonistic, and Itke tlie 
old requirements they must be regarded as being of an ela.«tic nature and 
each case must be separately considered and dealt with on its merits. 

SewEIIACE SYfcTEiLS. 

"Separate” systems shoald only be adopted in cases where the 
surface water can be discliargcd by separate drains witliont creating a 
nuisance and where a " combined ” system would be unduly co«tly. 

Storm Overfeowb. 

Storm overflows on sencra should as far as Ls reasonably practicable 
be avoided, but where they are necessary they should be plac^-d in such 
poMlious and with the weirs so fixed that no nuioance is likely to result. 
In any district where there is an active river authority the Board will 
desire to be informed of the opinion of such authority in respect of any 
proposed overflows. In the ab«ence of any special circumstances over* 
flow weirs should be fixed so as not to come into operation until the flow 
exceeds six times that of the average dry*neather flow. 

There should be no overflow for untreated sewage or stormwater at 
or near the di«posal works. 
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SCREEKS. 

All liquid delivered at the disposal works should as a rule be passed 
through a screening chamber. 

SxORinVATER TEEAT3rE^'T. 

A weir set at three times the dry-weather flow should.be placed below 
ihe screens, and any volume passing over this weir should be dealt with 
in storm tanks. The tanks should be two or more in number and their 
total capacity should not be less than a quarter of the dry-weather flow. 
They should be so arranged that when they arc full they will act as 
“ continuous flow " tanks, and that they can be readily emptied and 
kept empty when no liquid is passing into them. 

The hqnor from the tanks c.in be discharged without further treat- 
meat except in special cases, and the sludge should be dealt with by 
any of the usual methods which may be most suitable in the particular 
circumstances. 

In cases where a suflicient area of suitable land is available for the 
purpose, detritus tanks followed by irrigation may be substituted for the 
storm tanks. 


Sbwaoe Treatjiext. 

Detritus Tanks — There should be two or more detritus tanks below 
the screening chamber. The capacity of each bank should be about 
y^th of the dry*weather flow. 

Septic Tanks. — Septic tanks sliould not be loss than two in number, 
and their total capacity should be about equal to the dry-«eather flow. 

Chemical Precipitation Tanks. — For t^nicscen/ treatment tlicrc 
should not be less than eight tanks, e.ach of which should have a 
capacity equal to about two hours' dry-weather flow. 

For conlinuous flow treatment there should not be less than two tanks, 
with a total capacity of at least eight honrs’ dry-wcnther flow, and in 
most cases a greater number of Miiks ivill l>e ilcsirnbJe. 

Bottling Tanks- — For treatment— same ns cfiemic.al precipi- 

tation tanks. 

For conlimiotts flow treatment there should not ho levs timn two tanks 
with a total capacity of from ten to fifteen hours’ dry-weither flow. 

Filters. — In determining the sizes of j)crc'oIntlng filters and contact 
bed®, the Iio.aril have, in order to allow fur the strength of the sewage 
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to be treated, adopted the divisions into “stron",'* “average,” and 
“weak” sewages recommended by tlio Royal Commission. 

The strength of sewage should, when possible, be ascertained by 
analysing avenige samples of crude sewage taken in dry weather at 
frequent and regular intervals throughout seven days, and in proportion 
to the flow. Possibly, in the case of sraall works, the period for taking 
samples for analysis might be somcwliat shorter, but the period should 
not be less than forty-eight hours, and Saturday and Sunday should be 
avoided. In every ca«o, the daily rainfall during the period when the 
samples were being taken and daring the seven preceding days should 
be ascertained. 

The analysis should in nil eases include the following items : — 

In parLs per 100,000 by weight. 

(1) Ammoniacal nitrogen. 

(2) Albuminoid nitrogen. 

(8) Total nitrogen. 

(4) Oxygen absorbed from strong permanganate in three miouces at 

80 degrees Falir, 

(5) Oxygen absorbed from strong permanganate in four honrs nt 

80 degrees Fuhr. 

(G) Siispeuded solids. 

(7) Soluble solids. 

(8) Chlorine. 

It is also desirable that the amount of dissolved oxygen taken up 
daring the oxidation of the ammoniacal and organic matter of the 
sewage should be given. 

The results of analysis would of course require to be properly 
interpreted ; but as a rough guide, it may be taken that from the figure 
for “Oxygen absorbed from strong permanganate in four hours at 
80 degrees Pahr.” the strength of the sewage may be very roughly 
classified as follows : — 

“ Strong” sewage .. .. 17 to 25 parts per 100,000 

“ Average ” ,, 10 to 12 „ ,, 

“Weak” „ .. .. 7 to 8 „ „ 

In cases where the sewage cannot be analysed its strength should be 
estimated according to the water consumption, the flow per head, the 
kind of sewerage system, whether water-closets are in general use, the 
volume and nature of trade waste, the amount of dilution by subsoil or 
surface water, etc. 

Failing satisfactory evidence to the contrary it will be desirable to 
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assume that the sewage is “strong” for the purpose of estimating the 
required capacity for the disposal works. 

For the purpose of showing the mmimum total ciihic contents of ii/teis 
required for treating thiee times the dry-weatlier flow in different cases, 
the Tables Nos. 159 and ICO, on pp. 878, 879, have been prepared on the 
data given in tlfe Commission’s Report. Wherever possible, the figures 
are calculated from the data on pp. 117 and 118 of the Fifth Report: 
otherwise the calculations are based on the data in the tables between 
pp. 202 and 203. 

The lates of filti'ation given by the Commission are rates which can 
generally be ihuhkd in wet weather. Where it is proposed to deal with 
three times the diy-weatlier flow, the Commission say that it would 
generally only be necessary to provide 1 -| times the capacity of filter 
reqiiiied for the dry-weather flow (paragraph 293 of Report, p. 209). 
Hence the rates of filtration given by the Commission must be reduced 
by one-third to arrive at the basis for calculating the size of the filters 
for Oiree times the dry-weather flow, and this reduction has been made 
in arriving at the figure in the Tables Nos. 159 and ICO. 


TABLE 169.— CONSTANTS FOR CALCULATING THE SIINIMUJI CUBICAL 
CONTENTS OF PERCOLATING FILTERS. 



Strong seuage 

Se«ag« ofaiense 
strength. 

Weak sewage, 

fteliminary treatment. 

Coarse or 
me>lnitn 
tnatensl. 

F»oe 

materuL 

Coarse or 
medwrti 
matenaJ 

Fine 

material 

Coarse or 
meUiutn 
material 

Fine 

material. 

Detritus tanks 

16 



. 

40 

. 

Septic tanks 

46 t 


70 

• 

100 


Settlement tanks (con- 

46 i 

* 

70 

• 

100 


tmuous flow) 







Settlement tanks (quies- 
cent) 

Precipitation tanks (eon- 

CO t 

23 

100 

70 

130 


. 

CO 

100 

RO 

150 

175 

tinuons fioiv) 






200 

Precipitation tanks 

100 

(i.. 

130 

130 

170 

(quiescent). 








Xofet at to Filtfring ^latenal : 

(a) A filter may te regarded oa coane if the material will not pas-i through a 
1 inch sieve ; os It will pass through a 1 Icch but not tbroogh a J inch 

sieve : and as ” if it will pass through n { inch sieve. 

(^b) “Coaw” material will licdesimblein nil cases where the liquid to bctreateil 
contains much suspended matter. 

(c) In the ca«cs marhed •, the ase of fine matcTlal would not be dcsiroble unless 
the circumstances were exceptional. 

t If "viedtuiii" sized material were used in these cases the figures should be 
teluced by about 10. 
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TABLE ICO.— CONSTANTS FOR CALCDLATING THE MINIMUM 
CUBICAL CONTENTS OF CONTACT BEDS. 


rrtlimiosry trratment. 

strong neirifT. 

6e«ae»of 

■trcDistb. 

Weak 



■sS 

c U 

ii 


£ c 
*2 

contact. 


^ J 

Sg 

If 

M 

Detritus tanks 

_ 

_ 

2‘. • 

_ 

23 

t 

_ 

.38 

t 

Peptic tanks 

— 

— 

33 

— 

3S 

■f 

7.3 

6(5 1 

t 

Settlement tanks 

— 

— 

33 

— 

33 

t 

73 • 

6G 1 

t 

(continuous flow) 










Settlement tanks 

— 

— 

41 

— 

SO 

t 

100 

t 

t 

(quiescent) 










rrecipibtion tanks 

— 

33 

t 

— 

60 

t 

1.33 t 

t 

t 

(continuous flow) 










I’recipitatian tanks 

_ 


t 

— 




t 

t 

(quK««nt). 











Xtitft } 

(a) The hedi theuM cot be less than 2 feet C toehes cor more than C feet m 
depth. 

(b) The difTercQt series o( beds, to double aod triple contacts, should hare 
C]uai cubic contents, falling anj eridence to the conlrarj’. 

(c) Where a blank U left in the tables the particubr treatment indicated would 
onl; be deimble In exceptional circumstances, os the method would not genenlljr 
be economical. 

(d) In the ca«es narkol thus t, the particubr trc.atment indicate<l would only 
be necessary m exceptional circumstances (ey , where an unusually good effluent is 
lenuiitd). 

^e) \N here three times the d.w f has to be d«iU with in wet weather the indi- 


thus *. 

In order to nscert.'iin the mmimiim total cnbic contents of the filters 
required, divide the dry-wcather flow by the appropriate figure (having 
regard to the strength of the sewage and the kind of treatment pro- 
posed) in the Tables Nos. l^Oand ICO, and the result will be the number 
of cnbic yards which the filters should contain fur treating up to three 
times the dry-weather flow, thus : — 

Example I. A “strong” sewage is to be treated by means of ^‘septic 
tanks" and "percolating fillers" of "coarse" material, and the dry- 
weatber flow is 90,000 gallons — the appropriate figure in Table No. 159 
is 45 — then 90,000 gallons 45 — 2,000 : the minimum total number 
of cubic yards which the filters should contain. 

Example II. An “ average ” sewage is to be dealt with by means of 
"quiescent settlement tanks" and "double contact beds" anH the dry- 
weatber flow is 50,000 gallons — the appropriate figure in Table No. ICO 
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18 50 — then 50,000 ^ 50 = 1,000 : the minimum total number of 
cubic yards which the filters shonld contain ; and as in most cases the 
two series of beds would have the same cubic contents, there would be 
500 cubic yards in the ^‘primniy’' beds and an equal number in the 
“secondary” beds. 

The definitions of the different classes of sewage and filtering 
materials must be regarded as being of an clastic nature, and it may 
sometimes be found desirable to use intermediate figures between those 
given in the tables in order to asceitain the required cubic contents of 
the filters. 

In cases where a sufficient area * of suitable land is used for irrigating 
the filtrate it will probably suilice if the total cubic contents of the filters 
is half that provided for by the tables, but where the filter capacity is 
so reduced it may be necessary m wet weather to restrict the flow to the 
filters to about li times tlic dry-weather flow and to pass the remainder 
of tank liquor direct to the land. 

Effluent Tanka or Filters.— Wliere the efBuent from filters is not 
irrigated on land, tanks (with a capacity equal to about two boors’ dry* 
weather flow and with provision for removing the sludge), or shallow 
straining filters, will in most cases be necessary for the purpose of 
preventing the suspended matters m the filtrate from passing into the 
river, 

• 2s’ote — Viz. j from S,000 to 30,000 gallons C<J>7-weather flow) per acre per 
twenlj-four hours according to the quality of the land. 
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niivsiim on .‘^wige 7(7 

flsgvat destnutors 833 

— — tnanure, Glasgow ^es^tg• \Votk«, 
703 

or foTTe>l draught fwr dea’ru' tora, 
821 

iroresv Hiiyal C*'mriis*Tn ca 

.sewage Ihip'sal on 731 
AatLalt ehar.nrli, 150 
A*‘on ilam-r de.-nirtor 
AtcLarn Il'sw.k aewag* f-' 

Ai.taram.f3 

AatoBvatse Vtvc.Uit.e 6 s*ii'»tt t 

tltm^f'7 '' ’ " '' 

Acf>-»v|l.c>?;icr pJM. 1(4 
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BAB 

T)ABCOCK & IViLCOX boiler, 822 
Back-feed destructors, 790 
B.' - ^ - 


Roth«ell, 729 ; Salford, 712 
Bacterial purification of sewage, 629i See 
also Sewage Disposal 
Bacterial standard of purity, 588 
Bacterial tank, Candy-Wliittaker, 640 

septic, 638 

Trans liydiolitic, 633 

Badger Drain, 112 

Balby Sewage Vfotka, piccipitants used 
at, 620 

Ball cock, 446 


" oiks, 

Ban acks, Report on Sanitary Condition 
of. 612 

Barrovp-in-Fiuness destructoi, 815 
Barry destructor, 819 
Barwise, Dr., on Clilonne in Sewage, 573 
Basin. Jennings’ Tip-up, 487 

tip-un lavatory, 485 

uunals, 460 

— lavatory, 484 

Basins, “Loco” U^atoTy, 486 
Bateman, J. F , stormwater intercepted, 
45 

Bath, flap valve for, 484 

ventilation of trap of, 483 

waste, Doulton's, 483 

Baths, 480 

copper, non, porcehin, shste, 

zinc, 461 

sinks and ci'teins, washers, plugs, 

and wastes for, 489 

— valves, for, 4S2 

wastes for, 482 

Bauiner's cowls, 363 

Bazin's foimula, table of co-cfiBcicnts for, 
195 

Beanian & Deas’ destructor, 800 
Beancliff syphon trap, 406 
Besumont, air inlet, 362 
Beckenham Urban District Conncil e. 
Wood, 18 

Red-pan sink, Doulton's, 477 
Bedifington Irrigation Farm, 600 
Belfast Lodi, sewage fungus in, 874 
Bell trap, 420 
• Bellow's regulator, 448 
Bends, 87 ; down pipe, 601 
Berlin destructor, 813 
sewago fungus at, 871 


BOW 

Bermondsey destructor, 819 
Bemonilli, D., lijdraultc inicstiga- 
tions, 156 

Bigsweir earth closet, 10 
Biiil’s channel bend ior manhole, 88 
Birkenhead destructor, 813 ; sewage 
disposal, 590 

Birmingham destructor, 815 

incidence of typhoid at, 14 

outfall sewer, Hennehique construc- 
tion, 82 

overflow, 47 

rainfall in sewers at, 33 

observations at, 34, 35 

rate of flow of sewage, 29 

sewage fungus at, 870 

Sewage Works, 720 

bacteria beds at, 731 

destructor, 720 

dftntus tanks at, 721 

earth bunal of sludge, 691 

— • electric pumping, 720 ' 

fixed jet distributers, 721 

screen at, 721 

— — . Birmingham separator tank, 
721 

stormwater beds at, 722 

stormwater, 36, 87 

strength of sewage, 576 

Blackburn destructor, 815 
Blackpool destructor, 800 

electric pumps, 55 

Bleaching cotton, composition of trade 
effluents from, 861 

piocess, analysis ofliquorfrom, 862 

Bloemfontein destructor, 809 
Oodin's method of making connections 
to soil pipe, 441 

Stafford syphon cistern, 432 

Boggy land, drainage of, 528 
Boileis for destiuctois, 794 

Babcock t Wilcox, 822 

jwsition of, in destrnctois, 783 

Bolding's circular pedestal nnnal, 469 

latrine, 428 

Bolton destructor, 800, 809 

Sew.ige Works, cremation of sewage 

sludge, 691 

“Bonnn" reinforced concrete pipes 
79, 80 

system of ferro-concrete, 77 


Boiilnois K IJrodie’e clmiging apparatus 
809 

patent destructor feeil, 790 

Bournemouth destructor, 813 
Bowen trap, 422 
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BOV 

Bowes-Scott trongh closet, 425 
Boyle, aif pump ventilation, 363 
Brailford destructor, 805 


’of, * 

Breaking up long lengths of seu-ers for 
• ventilation, 350 
Brentford destructor, 810 
Brewery trade effluent, solids in, 575 
Brick-making plant. Nelson Corpora- 
tion, 831 

Bricks for sewers, 82, 11" 

from destructor clinker, 833, 836, 

833 

Bridges, wind pressure on 853 
Bntish Standard specification for Poit- 
land cement, 71 
Broad irrigation, 593 
Broad’s stable gully, Il7 
Bromley destructor, 806 
Brown’s liydrotite joint, 103 
Victor Gully, 511 

Brunton, J. F., on Slione System, 61 
Brushwood subsoil dram, 523 
Brussels destructor, 609 
Brysn-Jones jet distributor, continuous 
filters, 666 


Building estate, outfall sewer, 16 
Budding sites, subsoil drainage of, 520 
Burkli-Ziegler, formulae for discharge of 
stormwater, 41 

Burnett's smoke dram tester, 542 
Burtoii-on-Trent sewage, 576 
Button’s “ Secure ” joiut, 94 


pAIBO Destructor, 809 

Calculating (low of iK^uid lu channels, 
154 

— horse power, example of application 
of formula for, 339 

— losses of head and pressure, 176 
wind pressure on chimney shafts, 

856 

— Gangiiillet and Kutler’s fortnala, 
169 

Calonfit value of town refuse, "86 
Canib*idge destructor, 610, 827 
liliration tann, 60" 


CH A 

Candy-MTiittaker rerolwng distributors, 
C6S 

Capacity of destructors, 787 

detritus and screening tanks, 590 

Dtbdin slate filters, 644 

land. 607 

septic tanks. 634 

suWdence tanks, 595 

tanks. Cheltenham Sewage IVorks, 

726 

— Glasgow Sewage Vorks, 702 

Hanley Sewage IVorks, 723 

Kingston-on-Tbames Sewage 

IVorks, 706. 

Nuneaton Sewage Works, 719 

— — Salford Sewage Works, 711 
works, ilancliester Sewage B'orks, 
716 

— Nuneaton Sewage IVorks, 718 

CarboUled creosote, 546 
Carbolic acid. 544 

c.. . -r.. . . . . -jj 


urain pipes, 134 

coaling for, 135 

glass enamelled, 138 

joints of, 140 

drainage, ScottOIoncnefT system of, 
135 

Castelli, hydraulic investigations, 155 
Catch pits, 504 

Caterbam exiRrirncnts, stenhsatmn of 
sewage effluents, CSS 
Causosof breakage ol stonewarepipes, 114 
— — loss of capnity of contact 641 

of zymotic diseases, 1 

CiUieu’s tidal valve, 418 
Cement, BortUnd, 70 
Centering for egg-sl)a|>ed sewer, 122 
ferro-concrete, 7o 


ikUjai vomiiiivsiuii oil sewage llis- 

posa], recommendations as to, 7*1 
Centnfagal pump, 52 
Cesspits, 5 

emptying of, 5 

Ce«s]iool ap{«ralus. Merry » either' g, 5 
emptiiug, Einls' rejwjrt on, 7 


674 


Channels, Cow of U'liud in, 154 
■ • — for uncils, 460 


3 
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CH A 

Chniinpls, flowof llc^^uid in waste pipes 412 

white enamelled, 132 

Charcoal ventilators, 3G9 
CharKinc appamtus, Houlnois^ nrodie's, 
S09 

Chatliam Dockyard, destructor at, 800 
Cheltenliam sewage, rate of flow, 29 

Sewage 'Works, 726 

detritus tanks at, “26 

flow of sewage at, 726 

irrigation land, 728 

percolating filters, 728 

sedimentation tanks, 728 

septic tanks At, 727 

sludge removal at, 727 

Chemical deodonsera, 369 

pricipitation, 750 

Local Government Board's require- 
ments. 781 

— Koyal Commission on Sewage 

Disposal, 749 

Chemically treated, settled and septic 
«ewage, relative ments of, 645 
Chesy, wetted perimeter. 157 
Chimney, area of, 848 

example of calculations on strength 

of, 858 

foundations, piessure on, 859 

Chimney shafts for desCructois, con- 
struction of, 842 

— for sewer reutilatioo, 348 

— foiindations for, 844 

— suitability of, 854 

— Southampton destnidor, 853 
Chiniiicys, cost of. 844, 500 
drniigiit in, 843 

footincs for, 840 

— — general rules as to dimeDSionsor,842 

strength of beams, 850 

wind prevuro on, 851, 856 

Chiswick destructor. 809 

Sewage Works, rrecipit.'Uitsnsed at. 

620 

sewers, stormwater iii, 42 

Chloride of lime, .'>4(! 

Chlonnesn index of strength of domestic 
sewage, 574 

tomjiounds for sterilisation of sew- 
age efihients, CSS 

Ill sewago. Dr. Banvisc on, 578 

■- to nitrogen, ratio of in sewage. 573 
Choice of meiho<l of treatment, Rojal 
Coiiimi4«ion on Sewage Dtsjto^al, 759 
Cliokoge of stoiiewarx' pijics. 114 
ChrMt< hiirch, N diitnictor, 800 
Circular beiuli, 150 

W« islmch’a fonnula for, 181 

Circular form. coiitiiuiuiM liliir*, 552 

sewer.. 77, 123 

Circular srwer*, How in, 250 
■ — of concrete, 77 

i 


CL Y 

Circular sewers, pipei. 83 

reJocity and tlisch.irge of, 250 

—28! 

Cisterns, Bodin’s. 452 

Crapper's, 451 

. Doulion’s, 4.51 

Duckett’s, 453 

Farmiloe's, 451 

Shanks', 451 

Twyford's, 451 

water storage, 446 

"Winu’s, 451 

flushing, and rulves, 450 

waste preventing for closets, 450 

washers, plugs and wastes tor, 4S9 

waste preventers in, 449 

Classes of distributors for contintious 
filters. 662 
——urinals, 456 

waste preventers, 449 

Clay, dr.iiriage of, 613 

subsoil, 2 

Clean-water closet*, 430 

— supply to closets and glop-water 
sinks. 446 

Cleanliness of water closets, 444 
Cleansing septic tanks, Royal Com- 
mission on Sewage Ihsposil, 749 
Cleckheftton destructor, 800 
Clevedon, ferro-concrete sewer, 81 
ChlTA Sens' Pipes, 85 
Closets, Adams’, 437 

ads'antages of slop water over 

clean water, 445 
— — clean.watcr, 430 

Coinpsctiini w.ish down, 433 

clein-water supply to, 446 

Doiilfoii's, 431, 432, 4J4 

Duckett's, 433, 144 

llellyer’s, 431, 435, 437 

Jennings’, 437 

m ranges, 427 

load traps fur, 434 

Jletropole wash-down, 433 

inuUipIe, 444 

on bo.ird ship, 439 

rajdd slop wiler, 444 

regulators, oil brass, 454 

“ Slfety ” icaslt down, 435 

SeientiM, 435 

— Belf->eutilating fafety, 436 

separate wnstt-j'rcvcnting cisterns 

for, 45tl 

— ftliniiks’ wash-dosvn, 433 
slop Water, 414 

— Titanic, material for, 437 
Twvford's. 431, 433. 431, 435 

— - Tylor'a hoxjdtnl, lo7 

— ralselev, 431 

■Winser’s, 43f., 437 

Clyilelnnk destructor, 815 
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CO A 

Ccatins cast iron ripcs» 135 
Coc^Il Doulton S2 
CoJe s<wer, rate of Cow, 29 

ColfSiS’i's iatemuttins gear, coatiaaons 

ors 

Coliectioa of hoa^o refase, 756 
Collection of surface water, 501 
■■ — eoab-neJ system, 503 

sepantc system, 506 

eatebpits for, 501 

guilt's for, 507 

CollciJs ia sewa^ 550 

Combined drainage, ycntilatioa of, 356 

drainv 19 

gnllies, 506 

system, 22 

Combustion clumber in dfstrcctors, 75S 
Comparatire adrantages of ditferent pre- 
cipitants, 620 

remoral sj-stems 12 

Comfcedtton of sewage, 3, 574 

Bradford, HampTon, Londou, 575 
— ^ trade eQoents from lleadiug 
cotton, £61 

— refuse, 3 

Compres^ air pumps, 55 
Compressibility of earth, SIS 
Compressiye strength lor concrete, S19 
Concentratioa of stormwater in sewers, 39 
Concrete beams, strength of, S<9 
—— compresaire strength for, S49 
. ■■ foundations for sewers, 123, 12$ 

ingredieuU ot 71 

manhole, 130 

mixing of, 72 

— paring for stable*, 151 

— proportions of, 71 
— — reinforced, 72 

— — ■ sewers, 77, 69 

strength of, 619 

— — walla for oottagea from deatrnctor 
refuse, 633 

CcnJy's fluid, 113. 513 
Connecting iron pipes to lead, 111 
Connection to sewer, IS 
Counections to sod pipe, methods of 
Eukin- 441 

with »od pipe, 410 

Con^errancy sjstetn, 4, 12 
Construction of Utctena beds at Salfonl 
Sewage Works 712 

chimney shafts for destructors 612 

— contact beds 61$ 

— — Nunealoa Sewage Works *1® 

' - drains, 132 

' — ' hydrolTstcg tanks CS9 

sewers 21. 121 

— — egg si!.ap«l, Soutbamj'Jon, 121 

— — saWJeiice tacks, 

Contact lwd«, 611, 617 
Adams’ gear fur, 619 


COS 

Contact beds and percolating Ellers 
relatire efficiency of, Eoyal Commis- 
sion on Sewage 757 

Cameron gear for, 61S 

causes of loss of capacity of, 611 

construction ©C 643 

cost of treating sewage on, Eoyal 

Commisdon on Sewage Disposal, 761 
cycle of oprrations 617 
— depth of medinm for, 650 

distribation of sewage on, 645 

filtering medinm for, 64S 

gear for. 645 

Jennings* gear lor, 650 

ii.|ni i capacity of, 632 

— — Coremmeot Board's reqaire- 
luents 760, 575 

lotss of capacity of, 641 

— — ilanchester. oli 716 
onmbers of filUugs per day, 650 

— XnseatoQ Sewase Works, 719 
Roynl CommiNsioD on Sewage Dis- 
posal on, 753 

— Septic Tank C©.’$ p«r for, 619 

sire of fihenog medium for, 61S 

TaJre gear for, 645 

Costaminatioa. Sewage, <ewage fungus 

nnl^tag indication of, 670 
Contents of town refuse, 766 
Contmoons filter*, area of beds. 676 

— distnbutiou of f-wage on, 661 
distributors. 632 

drainage, 653 

e&sential parts of, 652 

external walls 655 

fsLe floors, 653 

filceriog medium, 656 

— — fixed channel dislnbu'ors, €62 

— — — — jet distributors, 663 

floor tiles, 651 

■ floors, 652 

Hanley Sewage Works, anal\scs,65S 

iDtennitbttg gear, 67 1 

Local Gorernment Board regula- 
tions, 676, 7s0 S75 

quantity of sewage dealt with, 676 

teinforc^ concrete flags, 655 

rcTolnug distributors. 635 

stenuwater on, 6'0 

■ tnckling fclters, 652 
Continuous settlemeut, sewage iLsjosal. 

Conrcnieuces (public , caJergrosaJ, 46t 
Cop{<r baths. ISl 

Cost of bncki made from d'strtict^r 
clinker, 535 

barnicg refase at Cobbe Quirrj 

dc-tructo- Liirtp*-*.!, 510 

■ cLcmicaJ j-rrci|'i:4tijti, Kuia! Com- 
taisMoa on Sewage D.*j«jsal, 750 

— — cLiaicei s. £H, SfO 
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COS 

Cost of destructors, coinparisun of, 788 

Dilidin slate hltcis, 645 

diffeient nietliods of slodjte dis- 
posal, I’oyal Coinmissiot) ou ^wago 
Disposal, 766 

final treatment, Ilojal Commission 

on Sewage Disjiosal, 757 

labour at destiiictors, 540 

Land required for Senagc Tre'at- 

incnt, Royal Commission on, 759 

pieliminnry treatment of sewage, 

Ro>aI Commission on Sewage Dis- 
posal, 750 

pressing sludge. Royal Comniission 

on Sewage Disposal, 764 

pumping stoimwatcr, 63 

removal of excrement, 11 

lernoval of sludge to se.«, Royal 

Commission on Sewage Disposal, 764 

— sewer ventilation at Gnmsby, 382 
——Treating Sewage on Contact Beds, 

Royal Commission on, 761 

treating sewage on percolating 

beds, Royal Couinussioii on Sewage 
Disposal, 7C2 

washing filtering materials, Royal 
Commission on Sewage Disposal, 754 

— washing filtering medium at Man- 
chester Sewage '^Vorks, C42 

^—working destructor at Southamp- 
ton, 826 

working, Glasgow Sewage Works, 
703 

Cottam i: Willmore’s sanitary gully, 
417 

— stable channel, 152 
Coulomb, wetted perimeter, 158 
Coventry, sludge filter presses, 692 
Cowls for ventilation, 302 

Crapper's automatic uniial fiuslung 
tank, 471 

syphon cistern, 451 

Cregreeii's air mlct, 360 
Cremating sewage sludge at desfiuctors, 
839 

Bolton Works, 691 

Enling Works, 691, 839 

Huddersfield Woiks, 691 

Wimbledon AVorks, 691 

Crimp’s. Santo, experiments on sewer 
ventilation at AViinbledon, 847 
Cropping filtration farms, 606 
Crops for irrigation farms, 599 
Crossness, 3Utroi'olitaii Sewage AVork% 
689 

C^o^s•soctlon of nniiholcs, 24 

se«er, 28 

Crosta’s gully, 507 

Crojdoii, stormwater in sewers, 43 

sewage screen, 591 

Curtilage, 1/ 
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DES 

Curves illustrating rate of flow of sewage, 
29 

Cycle of operations in contact beds, 647 

D Trap, 399 

Dalmarnock Works, Glasgow Sewage 
AVorks, 701 

Danger of lead trajH for soil pipes, 436 
Darcy it Baziu's formula tor flow of 
water, 160 

Danven destiuctor, 800 
Dasues, E. Lloyd, paper ou Rainfall in 
Sewers, 34 
Dean's trap, 509 
Debney's radial joint, 442 
Decanting aims for precipitation tanks, 
616 

Decomposing sewage dangerous, 342 
Definition ofdiain, 16, 17, 19 

Sanitary lingiiieenng, 1 

sewage, Rivers Pollution Commis* 

sioneis, 2 

— — AVest Riding Rivers Act, 3 
sewer, 16 

Dent k Hellyer’s water-shoot, 474 
Deodorisers, 543 
De Prony, wetted peiiineter, 158 
Depth of foundations for clurancy shafts, 
848 

— — medium for contact beds, 650 

percolating bacteria beds, 631 

peicolating filteis, Royal Cominis- 

Sion on Sewage Disposal, 755 

sewers, 24 

■ — subsoil drains, 514 

trenches for sulioil ilmins, 521 

Derbyshire County Council, st.indaid of 
puuty', 585 

Destructive velocitiosin seweis, 195 
Dcstructois, 784 

Ameiicau reduction system foi 

refuse, 784 

area of chimneys, 843 

artificial or forced draught, 821 

back-feed, 790 

Babcock k Wilcox boiler for, 822 

Beaman k Dcas’, 800 

boilci's for, 794 

tioilcis. position of, ill, 783 

Bouluois L Brodie’s charging nppa 

ratus, 809 

— — calorific value of tow n refuse, 786 
brick-makingplaiit, Nelson Corjioia 

tion, 834 

— cafi.ncity of, 78" 

chimney shalt at Southampton, 853 

chininoysb.ifts for, coiistiuetion of, 

812 

— — foiind.itions for, 844 
■ — chimni'js, cost of, 800 

diiiR-iisions of, 842 
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Df^truftor*, cliinmcyi. ilrau^'ht ID, 813 DeJtniclors, refuse tij'*, 784 

r.>otins^ for, 410 renior.il of rcfii»i' to soa, 78 j 

— — cliiiVer. liruks nmle from. 833, 837 — rciuloali at, di^i-oaal of. 831 


Htillvition of, 833 

comJiii'tion chamlfr in, 783 

— cotiipiriMin of cfKt of, 788 

coinj'rf'iibility of earth, 618 

co«t of laliour at, 810 

cost of chininci's, 811 

coat of working at Soulbaiui>toii, 

830 

crerantor for, 787 

cremating sewage slu Ige at, 839 

driiiig hearth in, 787 

early forms of, 787 

electrical energj from, 839 

— electrical power at, S'37 
e\a]>oratiuii of water at, 8ll 

— fan ami jet for, ailrantagcs of, 793 

— fin and j«t, atcam «.oii«unH'tioti of, 
793 

— fjU'Sj stem offorced draught for, 792 
- fans for forcc'l ilraughl. j-owef 
required to drirc, 831 

— forced draught in, 7S7, 79- 

— fouml.-ilioii>i, piling for, 8l7 
front'fieil, 789 

Frjer'a, 767 

— FrjerV with Jones' cremator at 
Ealing, 791 

fume cremator, 7S7 

— — Ileciian charging appiratn*, 792 
. regcneratiTC sj *11111 lor, 793 

Hceiian L Froude, 813 

high temperature iieces'ary >n, 785 
Horsfall direct charging, *91 

Horsfall, regineraiiie sy»tem for, 

793 

reiwrts on, by Lord lichin 

and Dr. llarr, 803 

steam raising results, Horsfall 

destructor, 80(3 

Horsfill tub-feed, 792, 809 

Jones' Cremalor, 787 

Mauloie-Alliott, 809 

Marten's charging apparatus, 792 

- inecliamcal s)steiii of teedfug, 785 

- 5Ieldruni regenerative system for, 
793 

Meldrums Simpkv negcueratiie, 

796 

quantity of town refu*e in London, 

786 

quantity of town refuse 111 the Mnl- 

lands, 786 

quantity of town refuse in the north 

of England, 786 

- pumping at wateniorks* 840 

■ pumping sludge at Hereford, 839 

pumping sludge at Norwich, 859 

regenerative systems for, 793 


sewjge ruinping a>, S2( 

. hlinne cjictors at Southampton, 626 

sln.lge bunting at I.aling, 795 

Stirling, 817 

— — ctcun lioilcrs for, 820 

toii-ficl. 78S 

town refiKe, contents of, 786 

ntilissti-n of spare licit in, 820 

— utiliiatioa of e{<are heat, Southamp- 
ton, 626 

— utilisation of steam power, Cohbe 
Quarry, Lirerj’ool, 810 

utilisation of town refuse, 7SI 
W'ameFs I'crficttis, 810 

— working Shone ejectors by, 839 
Destructors, Acenngton, t09 . Acton, 

819. Aston JLinor, 819; U.irrnw-iu- 
Futn««-«, 815 ; Birvy, 519 . I'lCtlin, 
813. IWrmondxy, 819. Birkenhead, 
813, Itirmmgliaiii, 720, 815. BirniiDg- 
ham (tests 'on), 816, Blackburn, 
815. Illackpool, 806; Bloemfuntetn, 
809; Ihdtvs. 8<i0, 892, 609 ; (tests 
on). 602; Bradlord, 805, Brentford, 
810, Bromley, 806, Brussels, 809 ; 
Cairo, f-O; Cambridge, 819, 827, 
Clisthsni Docks ard. 890 : Chiswiek, 
809. Christcliurcli, N Z., 600, deck* 
heiton. 800 , Cl) deb ink, 515, Dar* 
wet), 500. Durian, 809, Last Ham, 
8u0 . Licles, SuO . bistrev S19 , 
Finsbur>, 809, Fredencksberg, 819, 
Fulham. 809 , Qiasguw. 813 , Glou- 
cester, 515, Goiaii, 813; Oraieseud, 
819, Great Yarmoutli, 819, Green- 
wich. 806 , Hackney, 8I9 , llaniburg, 
809 . Hartlepool, 813 , Hereford, 800 ; 
lleslon-w ith-Islew orth, 819 , Holy- 
head. 800 , Horusey, 813 , Hun- 
stanton Waterworks, 639 , Hjde, 813 ; 
[IiswkIi, 8U0 , Kensington, 813 , 
King's Norton (tests on), 815 , King- 
sto»-oD*Thames, 600, Lambeth, 810, 
Lancaster, 8u0 . Leamington, S09 , 
Leeds 896 , Leicester, 810 , Lltford, 
SI.*; . Liverpoo', 827 , Liverpool, Cobbe 
Quarry, 809, Lorenro-Jlarques, 809 ; 
Loughboio’, 810 , Lowestoft, 809 ; 
5ladras, 813 : Manchester, £09 ; 
3lansGeld, 815 , Morecambe, 819;. 



uiv, Oil, 0-a , 1 ernaiuouco, c99 , 
Preston (teats on), 797, 799. Ilad- 
cIifTe, 800 , Ramsgate, 809 ; Rath- 
mines, 815 , Rawteustall, 815 ; Rhyl, 
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DES 

Destructors— coRimKftf. 

810 ; Royton, 813 ; St. George’s, 813 ; 
St. Petersburg, 806 ; Sbeemess, 800 j 
ShellielJ, 800, 813 ; Shipley, 800; 
Slioreditch, 810, 820, 831 ; Singapore, 
809 ; Smeth^^ick, 800; Sontbamptoii, 
810, 825 ; Southport, 809 , StalFord, 
810; Staleybndge, 815; Stoke Netr* 
ingtoii, 816; Stoke-on-Trent, 800; 
.'Swansea, 809 ; Toowoomba, Queens- 
land, 800 , Toif[uay,812 ; Tottenham 
(testa on), 813 , 'Wal.efield, 810 ; 
IVatford, 800 . IVest Hartlepool, 809 ; 
■Westmiiistei, 806 ; IVeynionth, 800, 


pressure for given discharge, example 
of application of formula (or, 325 
Detntus and sercentng tanks, capacity 
of, EQwago ilisposal, 591 
— - sewage disposal, 690 
Detntue and septic tanks, Manchester 
Sewage IVaiks, 716 

Detritus tanks at Birmingham Sewage 
IVorks, 721 

— Chelteuham Sewage Works, 726 
—— Hanley Sewage Works, 723 
Dibdin, W. J., stages in sewage purifica 
tion, 578 

Dibdin slate filters, 613 
•— capacity of, 644 

— cost of, 645 

— oxidising effect of, 644 
Dilution of sewage, effects of, 672 

— stormwater, 679 
Dimensions of chimneys, 842 
granitic stoneware pipes, 86 

open angularcbaniiel for given dis- 
charge, example of application of for- 
mula, 323 

rock concrete pipes, 80 

silicated stone pipes, 92 

Direction of subsoil diaios, 516 
Discharge of circul.ir sewers, pipes, etc., 
250 

egg shaped seweis (new Iona), 292 

old foiTii, 282 

of syphons, 183 

Discharge of foul water in streaxos by 
sepaiate system, 22 

into sea or tidal estuary, 588 

rectangular orifices, 179 

water over notch on weir, 165 

Disconnecting down jiipcs, 601 
pits, 356 

soil pipe from drams, 43S 

traps, 348, 338 

Disease, spread of by insects, 15 


Disinfectants, 543 

use of. 544 

Disinfecting water closets. 442 

— carbolic acid for, 443 

Condy’s fluid for, 443 

Disinfection by boiling, 549 
heat, 548 

fixing of stains in articles, 544 

injury to articles, .651 

Df. Parson's experiments on, 

546 

— - -.corcliing of articles, 553 

shrinkage of articles, 555 

temperatuie required for, 549 

— wetting of arfidcs, 554 

Disposal of residuals at destructors, 831 
house refuse, 784. See Desthuc- 

TOIIS. 

sewage, 664, 588, 629 See Sbivaoe 

DisrosAi. 

— — sludge, 689. See Sludpe DisrosAt 
— — trade waste, 575 
Dissemination of genns of disease by 
sewer oir, 376 , 

Distance opart of drains in irrigation 
farms, 599 

' between subsoil Jiaiiis, 616 
Distnbution of pumping power, 64 

• sewege ou contact beds, 648 

— — —— on cnntiiiuous filters, 661 

— on hind, 698 

stoimwater on filters, 679 

Distnbutois, CGI, 662, 6C5, 667, 668, 
672, 673 

Adams’ jet, 666 

— — Adams’ power-driven revolving, 673 
— • Adams’ revolving, 671 

Aines-Crosta j'et, 666 

revolving, 670 

automatic tipping, 667 

Bryan-dones’ jet, 666 

— — Candy-Wluttaker revolving, con- 
tinuous filteis, 668 
classes of, continuous filters, 662 

■ Farrer’a automatic tipping. 668 

Facile revolving, 672 

Fiddian’s revolving, 672 

fixed channel, 662 

fixed, let, 665 

Ham-Biker revolving, 671 

j'et, 667 -t-. 

— — reetangulai beds, 673 

Harrison & Gjeis’jet, 666 

Jennings' levolving, 669_ 

— governor foi i evolving, 670 

Uorloy turbine jet, 666 

■ -- power-driven revolving, 672 

■ — lecfiidgular, Hanley Sewage 11 orks, 
724 

— — rectangular beds, Jennings’, 073 
—— Salford jet, 666 
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Distributors, Soott-MoJicrieJT power* 
driven revoh in;;, C72 

Septic Taiifc Co ’s, <S62 

re'olving, 672 

StodJart, 663 

Willcox, rectiinpnbir beds, 673 

Hanley Sewap* AVorls, 724 

Domestic «es\8ce, chlorine an inde.t of 
strcngtii of, 674 
Dortmund tank, 82l3 
Douide seal pipe iomt, 9.S 
Douglas Scwnw Works, 64 
Doulton'a baths waste. 4S3 

beJ'ioQ siuk, 477 

— — circul.ar-bscked nrinal, 457 

liospital siuk, 476 

intercepting trap, 404 

■ Lambeth washout ejoset, 431 

— pedestal closets, 434 
self-adjusting joint, 06 

slop sink, 474 

trough closet, 423 

— wash-down closet, 432 

•— waste preventing cistern, 451 
Down-pi{>c tends, 503 
— — hopper head, 603 
loose socket, 503 
shoe, 603 

anti spUsh. 501 
Down-pipes, 501 
Drain, badger, 113 

— connections, separate sj stem, 32 

— definition of. 16 
flushing, 489 

— tester, Burnett’s smoke, 542 
— — — — Kemp’s, 542 

Dram testing, 533, 535 

machine, Jensen, .ISO 

Drainage, coutinuuus filters, 6r>3 

boggj- land, 523 

■ clay, 613 

laundries, 153 

Scott- JfoncrieiTsj stem of, 335 

stables, 148,417 

subsoil, 572 

■ ■ - under foundations, 610 

Drains, combined, 10 

arrangement of, 132 

— cast iron pipes for, 131 

cleansing, 115 

— disconnecting soil pipe from, 438 
falls for, 49 

flushing, 469 

for land drainage, 21 

— grenades for, 541 

iijdraujic or water teat for, 535 

inclinations of, 49 

laying of, i06, 512 

peppermint test for, 536 

' ■ plugs for, 538 

jmeumatic test for, 536 
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FF 

Drains, repair of, 16 
single private, 19 

— size ami inclination of, 51 
smoke test for, 536 

stoppers for, 63S 

siinaec water for flushing, 490 

under buildings, 148 

ventilation of, 867 

snd sewers, 16 

Draught in chimnejs, 843 
Dresden sewerage scheme, 44 
Drying eaith and earth drjing. 11 

hearth in destructors, 787 

Dublin sewage dispoaal, 590 

■ Sewage Works, removal of sludge 
to sea. 600 

Dubuat, welted perimeter, 157 
Duckett's dilated closet in ranges, 428 
gully. 500 

self-cieaniing channel gully, 414 

sink fittings, 478, 479 

slop water cioscts, 444 

stoneware syphon cuterw, 453 
tipjwrs for flushings, 496 

— cUucber ]>eJesUl wash-down water 
closet, 431 

DapUcating pumping, 53 
Durb.in, destructor at, 809 
Dutv of local authority to make sewers, 
773 

— — ventilate sewer*, 345 

Duties of central authority, Royal Com- 
missiuD on Sewagu Disposal, 772 
Dyeing and calico printing, trade icfuse 
from, 864 


IJ’ALINtJ, cremating sludge at, 830 

— Fryer’s destructor with Jones' 
cremator, 794 

Sewage Works, cremation of sewage 

sludge, €91 

sludge burning at, 793 

— utilisation of destructor by-products 
at, 796 

Ears to soil pi]>es, 142 
Earth hunal ol sludge, 690 

Ilirmiiigliam Works, 691 

closets, 10 

— drying and drying eaith, 11 
Earthenware pil>es, sewer construction, 
82 

East llaru, destructor, 800 
l^ves gutters, 501 
Ebl» and flow of sewage, 379 
Eccles, destructoi, 800 

flushing sewers at, 493 

Effect of rainfall on disease, 2 

sewage jKillution of tish. Royal 

Commission on Sewagu Disf>osa1, 744 

wind on sew er ventilation, 379 

9 
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EFF 

EfTects of bends on jiipes and rirera, ISO 

dilution of scMngc, 572 

Sfwcr air, 376 

Eflluent conduit, JIanchcster Sewage 
Works, 717 

Elllueiits, houage, Cuterliam experiments 
on stmlisation of, CSS 

cldoruic coMipounds for sterilisa- 

lion of, CSS • 

I’ldeal experiments on stenlisstion 

of, CSS 

Ilojal Cotninisnion on sterilmtion 

of, 083 

— — 'odmm /iiatignji.ite for sterilisation 
of, 0^5 

— - slcrilisation of, Klectrozonc proccM, 
GSl 

— — at Guildfoid Works, C84 

,t IKitfoid Works. C35 

Ilenmtc- process, C8l 

nt Munleiiliend Works, 634 

— — oxjtlilornlc proce«:s, 635 

— llicies’ lirocesiof. 684 

Webster's process of, 684 

I'gg-bhnpfd sewer^, I IS 

u-nteniig (or, 122 

dueliargo of, JS2 

(Io« of Seuage iii. 2S2 

— funniila lor, 12o 

Gnat Ciosliv, 125 

Great Cniiisbj, 120 

— > invirt blosks for, 122 

— iiiciiiorntnl.i ns to, 181 
■— new f<»rin, 119 

— — forinuln for, 120 

table ofdiiiuMsioiisfor, 119 

oM form. 118 

Itedlllll. 127 

table »if <1 ita rehting to, 181 

dlliieiisnuis (nr, IIU 

tbii knesi of brickwork for, IlH 

.SonlbniDptoj), loubtruclivn 07,121 

- stb^ityof. 232 

— — Ynrnnmtli, 123 

Fjectori ■ml relit''' ile'tnictorn, 58 
Flictro liglil, produetioH of from waste 
bell <if ibstmctom, 82'J. 839 
Kli'tru. powir nl .Shnrr<litch drstruitor, 
829 

l.lcctru'il p'linping, 51 

ibriiiingliatii Sewage Works, 

7'.’0 

lUackp*..!, 55 

— Norwab, 55 

rnefgj fnmi nfii'f «le'lruitor«, 839 

|N,wi r at nfu'e ilotni' tor, 827 
Hr. troll M'. C2I 

' - m Metrul-’lltall S. wage Works, 
C2'J 

iej->rtl,fA. K. Flet. her on, 627 

- — rrj*jrl cf.Sirli. Ilo^iooun, 027 


FA L 

Elcctrozoue process of stenli«ition of 
sewage efllneiita, CS4 
Eleiatioii, liend of, 175 
Elliott's air inlet, 361 
Elstrec dtstructor, 819 
Emptying ces'pits, 5 

septic tanks, 635 

Enteric fcier, incidence of, 14 
Eslicr scw.ige puniping, 55 
Essex County, standard ofpuiity, 536 
Eatmiate of ipiantity of sewage, 31 
Estimates for Local Govennnent Hoard 
tnt]uine-<, 775 
Euglina vimlis, 874 
Eiaporntion, disposal of sewage bv, 5SS 
of watei, guaiantces of, at destruc- 
tors, 841 

Evidence for I,ocaI Government Hoard 
inquiiKs, 778 

Kxattnning eyes for traps, 40i) 

Example of iipplicntioii of formula for 
calculations ol horse power, 339 
— determination of si/e of j'ipo under 
pressuic fur gi\cu discharge, 325 


size nnd gradient of sewer, 818 

sue of eervuo pipes under prosauro 

forgiM'ii discharge, 328, 33" 
Ettarating trenches for bi-wers and 
drains, 103 

Etcrement, cost of rciuoTal of, 11 
Excrcmcuul retnotal in connectioii uith 
eiiteru, 14 

lAlcimled niutiil loncrcte pipes, 61 
Expaiisiun coiir, Mooinj’s, 87 
Experinu'iits mi cumbtum in leiitilution 
shafts, 387, 3S9 

drain icntilatioii — Horton, 387 

JO's of leiDpi'rntiJJc' Hi Vintilitimi 

ahaft-s, 3^6 

precipUants, .Mavsichnsetls State 

Itoanl ol ileuUli, G2ii 

sewer air, F W. Andri-ws, 313 

I’arrj-Liiw, 313 

Shone nnd Ault system of scntila- 

Umi, 390 

sentdation of howers— Slawl-’y, 

372 

Exlintof n nioinl nf solids, Hoyal Com- 
imsMoii mi Sewng.' Disjund, 75 1 
Ixteniil Willis, loiitimnius lilt.rs, 055 
Kytilniin. theory urttu*. ofwnter, 15V 


I.'AILI'HK of Mib-oll drains, 523 

^ watir-si al, t’VI 

Falconer r. Nmtii ^lll^Id•, 17 
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Fall of drains, 49 

eaves gutters, 501 

sul'soil drains, 515 

surface gutters. 504 

False floors, continuous filters, 653 
Fail system of forced draught fordestnic- 
tors, 792 

Fans for forced draught, power required 
to drive, 821 

Farmiloe's Westminster syphon cUtern, 
451 

Farrer’a automatic tipping distributor, 
coiitiniioiis filters, 6(i8 
Facile revolving distributors, con- 
tinuous filters, 672 
Ferozone, 624 

Ferraiid r. Hallas I>and and nuiIJingCo., 
17 

Ferro-concrete. 72 

“ Bonna" system, 77 

— casing for, 76 

— centering for, 76 

— liand-mixiiig, 75 

— hjiiig, 75 
Heiinebiqiic system, 81 

— niacLinc-muiug, 75 

— mixing, 75 

— rroiiortioiii of, 74 

— h I D A roconimcndatious as to, 

73 

— -seuer, nirn]iiis.'liaiii, 82 
>— seucr at Ch-iedon, 81 

— striking cmtrcs for, 76 

— testing, 76 

— uater lor, 76 

— — uater main at Snans> a. 78 
Fiddiaii's rcsoliiiig distributor!, con- 


Johnson's, 692 

— sludge, Coiriitr), 692 

— Leeds Work*, C9J 
Manbiie, Alliott A Co, 693 

— Winilileiloii Woibs, 092 

Fillrniig nntinsis, cuntinuons litters. 


cnist of vavtiilig at Slandiestrr 

\\ Hits, 642 

c<»t of «a*ljinK of, Itoial Cumuili 
null oil Scwsgi- I)l>jiO<.4l, ;M 
— Dr ItriJ I n me of, €^S 
fif contact t-r'is, 64S 
»i-e .r. Cl* 

■ fsfgp Slid until, 0*7 
— -ulcction of, i;.'!tl C* Uiti i*M..>a wi 
Seatge l'.»]v^, 751 


FLU 

Filters for stormwater, 679 
Filtration farms, 605 
— Aldershot, 607 
Altrincham, 607 

— Cambridge, 607 
■ — ■ cropping, 606 

Nottingbam, 607 

population per acre, C06 

methoil of working, 606, 60S 

quantity of senage per acre, 606 

— ndge and furrow system of lajing 
out, 606 

underdraining. 605 

Filtration and irrigation, seuage dis- 
posal. 594 

Final ireitment, comparative cost of, 
Boval Commission on Sewage Disposal, 
757 

Finsbury destructor, 809 
Fire-engine for flushing, 497 
Fixed channel distnlutor*, 662 
Fixe<l jet distributors, 665 

— liiminghsni Sewage Works, 7J1 

Salford Sewage Work*, 712 

Futugof sums in articles disinfected by 

beat. 551 

Flap raise fur bath, 4Sl 
Flaps, tnlal, 25 
Flexible joint, iron pipes, 140 
Flies and sprenil of di»ca.sc, l.'i 


Bros , 655 , I'arkrs* 655 . Milf, 655 
Flours, continuous filters, 652 
Flow of ftcwage at Cheltriiliaiii Sewagr 
Work*. 726 
— - lluctustion in, 29 

Ilanlrj ^ewsge Work*, “Jj 

Salford Sewagi- Woika, 7i’9 

in pijo s anti uieii chiniirU 151 

Flow of water, Uaiigiiillct anti Kuttrra 
fomula. ICJ 

- - IQ pii>es aii'l cLanneU, rrUtive 
ac^urass of foniiiila for, 169 

in riser Sesern. 567 

Flu< luatiun in flow of rewigp, 

Flushing 4'! 

aurfarr Wa'rf f r 4 -O 

Dusleit • til i^r* f ir, I'.'u 

Iire-cii^rie for 4'/7 

main* orJrrsf, 495 

iriml 1 In 497 

' - qs.autite s f » a'rr r«'ji.ircl for, 49-3 

— — •carii at J,.c r«, 4/* 

a. am It »tort laaltr. 23 

tc-t» mat lU rt-wT, 4. -6 

sf traja. J99 

— — tf cr,i.a! Italia. 457 
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FlusMng syptons, 491 

Adams’, 492 

Field's, 494 

Miller’s,, 494 

Flushing tanks, movable, 497 
Flynn’s modification of Kiitter's fonnula, 
170 

table of velocity and discharge of 

egg shaped scm ers (old form) for various 
depths, 312 


toresliore uuiiaii seueis,, y-j 
Formalin, 545 
Forms of pipes, 85 

Formula Jor calculation of horse-powei, 

Durkli-Zieglen, 41 

calculating rjuantity of sludge, 689 

Darcy ana Oasin, 160 

—— dimeusious of open angular channel 
for given discharge, 323 
— — Qiboharge of stoim water, 41 
— — discharge of suiface water, 41 

egg'8hap*d sewer (new form), 120 

Ettelweni, 159 

flow of water in streams, Rankine, 

1Q4 

Fl)nn, 170 

GanguiUet and Kuttcr, 164 

—— Moure, 171 

~ self-cleansing velocity ot sewer, 322 

size and gradient of sewer, 318 

sue of pipe under pressure lor 


ventilating shafts, 354 

Fortified concrete, 72 

Foul air, 342. Sewer Vestilation 

drams, 21, 367 

admission of surface water to, 

81 

Foundations, depth of, 843 ' 

drainage under, 519 

- — ■ for chimney shafts, 844, 847 

for sewers, bad ground, 127 

piling for, 847 

Frankfort • on • Main, stormwater in 
sewers, 45 

Fredericksberg destructor, 819 
Free How pipe joint, 104 
French drains, 52C 
Fresh air inlet to soil pipe, 359 
Front-feed destructors, 789 


GOS 

Fryer’sdestructor, 787 

' ' 794 


Q.ALILEO, hydraulic investigations, 

GanguiUet and Kuttcr's formula for flow 
of water, 1C3 

table of slope curves for graphic 

solution of, 173 

— — tables of ralnes of 229 

■ table of values (k) for different 

channels, 244 

table of values of S, log S and 

—— table of velocity and discharge o* 
circular sewers nuiinng/wl/, 250 

— table of velocity and discharge of 
egg-shaped sewers (old form) ruDning 
Jnfs full, 2S2 

— table ol velocity and discharge of 
egg-shaped sewen (new form) runniug 

302 

— table of Velocity and discharge of 
egg-shaped sewers (new form) running 
^rds fall, 292 

Garrett's earth closet, 10 
Gates, tidal, 23 

Gateshead sewage d:si>osal, 590 
Gauge, triangular notch, 189 
— — Y-shaped, 1S9 

of medium for peicolating filters, 

Rojal Commission on Sewage Disposal, 
755 

Gauging a stream, lectangular notch 
gauge, 188 

Geneva outfall sewer, 146 
Glasgow destructoi, 813 

• Sewage Y'oiks, 699 

-artificial nianuie from, 703 

cost of working, 703 

Dalmamock "Works, 701 

Globe fertiliser manure, 703 

^prccipitants used at, 701 

latnfall admitted to, 700 

sludge disposal at, 702 

Glass-enamelled cast-iron pipes, 13S 
——soil pipes, 143 
Clascil stoneware pipes, 83 
Gloucester destructoi, 815 
Goddard’s destructor, 810 
Goddanl, Massey k IVanici’s stei liner, 
6S6 

Gosport Sewage IVorks, 60 
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GO U 

Gout principle, 9 
Govan destructor, 813 
Gradient of sewer, application of fbimuln 
for, 318 

Gradients, limiting, 49 

self cleansing, 48 

Grandi, hydraulic investigations, 156 
Granite stoneware sanitary pipes, 85 
Granitic stoneware pipes, 86 
Graphic solution of GanguiUet and 
Kutter’s formula for flow of water, 

165 

Gravel subsoil, 2 
Gravesend destructor, 819 
Grease traps, 416 

Ilellyer's, 415 

Loco, 415 

Great Crosby outfall sewer, 126 
Great Yarmouth destructor, 810 
Green copperas as a precipitant, 619 
Green's ‘'Trueinrert” joint, 93 
Greenivicli destructor, 805 
Grimsby sewage disposal, 530 

sewer ventilation, cost of, 382 

loan for, 332 

sewers in bad gronnd, 129 

Grout, 71 

Gnglielmtni, hydraulic investigations, 

166 

Guildford AVorks, sterilisation of senage 
effluents, 684 
Gullies, 501 
— — '• Accomo," 610 

Albion Cla> Co , 510 

Ilrown's Victor, 611 

combined system, 506 

Cro'<ta’8, 507 

Duckett's, fi09 

Grosrenor, 609 

Neiison's street, 507 

separate system, 506 

— - for stables, 416 
— Stokes', 510 

Sykes’ street, 609 

' jaid, 610 

Turner A Crochcr's, 507 

trap, Oates & Green's, 607 

untrapping of, 611 

Gutters, eaves, types of, 602 


TTABITATIONS. site for, 512, 531 
■n- Hackney destructor, 819 
Hacen's Duplev trap, 609 
Halifax Corporation Act, 1905. 7Z'f 
pails, 9 

payment# for trade waste, 748 

— — regulations as to trade waste, 741 
llam-llaker distributors, rrctans^nlar 
beils, 673 


KEE 

Ham-Baker intermitting gear, 675 

jet distributor, 667 

revolving distributors, 671 


sew.ige, composition of, 575 

Iland-tnieing ferro-concrete, 75 
Hanley, strength of sewage, 576 

Sewage Works, ”22 

analyses, 658 

bacten.a bed«, 723 

detritus t.auks at, 723 

dutnbutors, WiIIcot, 724 

• ' flow of sewage at, 722 

overflow at, 723 

atormiiatcj, 724 

■ rectangnl.ar distributors, ”34 

septic tanks, 723 

Ilarbonr, discharge of sewage into, 588 
Harnsbnrg, exj^nded metal concrete 
pi|>es, 81 

Ilamson k Oj'ers’ jet distributor, 666 
Hart steriliser, 68S 
Hartlepool ilestructor. 815 
llassall'a improved joint. 97 
Head of elevation, 175 

— pressure, 175 

Health, mthieiieeof sulu-oil water on, 531 
Heat, fixing of stuns in articles di'<in> 
fectej by, 554 

injury to articles disinfected by, 551 

scofciiiDg of articles disinfected by, 

553 

shrinkage of articles disinfecteil by, 

555 

— ntilmlion of, from destructors, 820, 
838 

wetting of articles disinfected by, 

556 

Ileenan A Froude destructor, 813 / 

charging apparatus, 792 , 

regeneraliie ajiteni for destructors, 

793 y 

Helljer’s grease trap, 415 « 

hygienic closet, <35 

maithnlc coiers, 131 

Optimus closet, 431 

trap, 4oO 

urinals, 462 

vaah-dowii clo«et, 437 

Hendon Sewage Works, precipitsnts 
userl at, 6J0 

Iletinebuiue ►) stem of ferro concrete, 81 
Hereford destructor, ^'•O 

punijing sludge at de«tm'-tor 839 
llennltc process, CJI 
-• »lenli«*lion of sewage tCuents,6*t 
Hertford Work", stenhsation of sewage 
effluents, 6*5 
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HES 

Ileston-with-Isleworth destructor, 819 
Heywood Sewage ^Vo^ks, precipitauts 
used at, 620 

High level sewers, connection of with 
low level, 23 

High shafts for ventilation, 368 

temperature necessary m destmc- 

tors, 785 

High ■\Vycoinhe Sewage "Works, 643 
Hodgson’s inlennittiDg gear, continuous 
filters, 675 

Hollow invert blocks, 125 
Holyhead destructor, 800 
Hopper closets, 431 

head, down pipe, 503 

Hornsey destructor, 813 

tests on flushing at, 496 

Horse power, water supply, apjdication 
of formula, 339 
Horsfall destructor, 603 

— direct charging destructor, 791 
— - regenerative system for destructors, 

793 

reports on, by Lord Kelvin and Dr 

Harr, 803 

— steam raising results, 808 
steriliser, CS7 

— tub-feed destructor, 791, 806 
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SEW 

Sewers, e^g-sliaped, 118 

tliickiicss of brii’kuork for, 

US 

— — table of iliinensioiis for, 119 
— (iiiw fiiriii), foriiiuli for, 120 

table of (limeiisions for, 

119 


— — methoih of coiistinction of, 121 

open, 17 

rainfall in, 42 

Keilhill. 127 

Ill relation to floor lerel, 18 

repair of, 1C 

I’ocliclale, 25 

sires of, 50 

stonnwater in, 24 

Croition, 41; I’ratikfoil on- 

Main, 45 ; ltli}l, 42 
Riibsoil iliaiKs for, 519 

— ventilation of, desinbility of, 370 

— at r<ciecstei, 371 

at Oiiiiisbj, 378 
net ground, 121 

— Yarinouth, constructioii of 82 
Shilce tests, Btandinl of puiiti, 585 
Sli ink's improved si pliou cistnn, 451 

nashiiovin closet, 433 
Sliecrncss lUstrnctor, 800 
Sbefiielil destructor, 8U9, 811 
Shipley destructor, 800 
S\np, ssaler closets on board, Jennings’ 
sjstem for, 438 
Shone ejectors, 55-57 

woiked by destructor at Nonvieh, 

839 

Southamjitnii, 690, 82(5 

Shone sjstem, efliriency of, C0-C2 

' Gosport, CO , Karachi, 01 , Jlangonii, 
69 

Shone k Ault system cif ventilation, 3«9 

— lyicestei, Jyo 
Shoreditch dcstnictor, 810, 829 

electric poncr at, >2 > 

results ol'tained st 831 


Side entniices, 130 

Sight rails, 107 

Silicated stone pU'es, 91 

Silt basins for eubsiiil drams, 518 

Simitniire’s air inlet, 300 

Sine of inclination, 182 


Sinks, biths and cisterns, washers, plugs 
and wastes for, 489 

Icad-liD^, 479 

]ianti}, 479 

■ slop, 446 

tra^ for, 420 

sytincin, 421 

Site of fioiises, 2 

Situation of land, sewage disposal, 593 
Size and inclination of dimns, 51 
Size of filtering medium for contact be-is, 
648 

— pipes for subsoil drainage, 523 
service pipes under ]ire»siire foi 

given discharge, 828, 337 

seners, 50 

soil pipes, 143 
Slate lAths. 481 
Slop ainks, 473 

Adams'. 475 . Donltoii's. 474 , open 

air, 475 , Tjlor’s, 475 , watershoot, 474 
Sloji-water closets 414 
Sludge burning at Holton, 800 . Ealing, 
795 

disposal compaiatis’e cost of dif- 

feient nietho<l«, Itoial Commission on 
Seuage Disi>osil. 760 

cost of pressing, I'.oyal Conimissnm 

on Sewage Disi>osat, 164 

cmnation of. at Holton, 691 , 

Ealmg. COl , JIuddeTsfield, 691 , 
iVimbleJon, C'l] 

drjing in lagoons, dl 

— in pre|*nrvd bed*, GOl 

earth bunal of 

birmingbam, C91 

formiili for calnilating quantits 

of 689 

luting. 691 

nianunal value of, Iloyal Com- 
mission on Sewa^ Di-j-n-al, 706 

niiisaiKv from mui 11 of Ibn al Com- 

missiim on New ue Di.j-osal, 707 

— pneliicllou lvi>\«l Ciunlllls'lnn on 
Sewage I)|s|>Osi1. 762 

— imnii'Ui,: at Ilrreford destnictor, 
839. Norwi.h d< strut tor 83'y . Scl- 
folaiSewsgi Works 7H 

qujntiti of, 6'9 

reiuoaal of to s-a, Coi) . r>ublin 

Sewagi SNoiks finn l/>inSon ''•-wsgo 
Works, 69U , Ntlford Sewage Works, 

Til 

disposal, C*9 

— — laud rspiirnl for, F.oval Com- 

mission on Sewage Di-j«asal, 7C6 
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SLU 

Sludge disposal, methods of, 689 
Rojal Commission on Sewage Dis- 
posal, 763 
sj stem of, 597 

at Chelteiiliam, 727 , Gla^ow, 702 ; 

Silfoid, 713 

filler presses, 691 

]incimiatic, 694 

JIanlove, Alliott k Co., 693 

Coventrj’, 692 , Leeds, 692 , Sontli- 

ainpton, 693 . IVimblcdou, 692 

steamers at balford Sewage Works, 

714 

Sludging mill dams, Royal Commission 
on Sewage Disposal, 766 
Sluice valve, 26 
Smethwick destructor, 800 
Smith’s iron pipe joint, 106 
Smoke test for drains, 536 
Soakpits. 8 

Soap, ntialysi'. of ti.ide lefusc fioin, 869 

works trido effluent, solidsin, 57r> 

inanufactiiie, tiadettfuse fiom, 868 

Sodium matiganate for sterilisation of 
sewage ellliicnts, CS5 
Soil pipes, 141 

ISoihii's metlioil of making coniiec- 

turns to, 411 

loiiiiei lions with, 140 

oiiliiniy method of making con- 

mclioiis to, 441 

d mger of leiU tinpsfor, 436 

disconiuetiiig from diains, 438 

iMf", to, 14'2 

fresli air inlet to, 359 

gh's enatnidl'-d cast iron, 143 

j<iiiitsfi)i mctallo kcTaniic. 131 

RI2f of, 143 

seiitilaling, 143 

— liriiiili, 435 

I > Hill ition of, 358 

bull,, ini eh inie.il aiiitlyscs of, sewage 

.ii-p..Mi .;n 

— fiuitahilitj of, for.sfwageirrigation, 
591 

pdwtrof, tiMlecon)|H>se sewage, 504. 

,sv, M I vnii I)i SIN sor 

cit'-tii (,f reinosjl of, Ko},il 
< uininis-iun on Sewage I)is|i<>sil, 753 

Ill hnwir) tr.ide < tihiciit, 575 

111 XMp works trade illlucnt, 575 
sctitli N.rrw.Hsi, pirticnlars of irngitioii 
fniii * OH 

butiili mipton ilc-stniitor RIO, 825 
• hiiiiio I sh ifi ut, e53 
">st of «,.rkiiig, R.i; 
ntltl-allrui r f « ist,. heat, fil’t 

— ’ggs'iiiM,! *iw«r. iinistnn hon of 
l-JI 

PI- --wrrs ll>3 
-w»/. Ii.i-.sal. 500, C95 

28 


STE 

Soutli.ampton sewage ejectois, 58, 826 

Sewage 'Works, lime mixer at, 698 

precipitints at, 697 

pumps at, 697 

screens at. 6P6 

Shone ejectors at, 696 

sludge presses. 6°S 

transmission of air at, 697 

SoiitUend oii-Sei sewage disposal, 590 
Southport destriictoi, 809 

sewage disposal, 590 

SpccUl connections of pipes, 86 

methods of ventilation, 368 

tanks foi stnimwater, 679 

Specification for Poitland cement, 7J 
Spheeiotilns valans. 871, 872 
Stable drainage, 148 

Ward’s system of, 148 

fittings, St. P.incias Woiks, 151 

gully. Broad's, 417 

paving, 150 

Wilkinson's 151 

trap, Colonel Mooie’s, 416 

Stjjford destmetor, 810 
Stttlybudgc destructor, 815 
Stand.tids of pniiflcation, 582 

bicteiial, 586 

Dcrhviliiic County Council, 685 

Essex Countv, 586 

Meisey ami IiwellJoint Boaul,584 

Kibble Joint Coiiiniittec, 584 

Rners Pollution Commission. 683 

Rojnl Commission on Sewage Diii* 

posal, 1898 .5Si’>, 746, 770 

scA water, 586 

shako tests, 585 

Thames Conservancy Roard, 581 

Dr. Thresh, 58G 

West Riding of Yorkshire Riicrs 

Coard, 034 
Stanford's j'oint, 93 
Steam boileis foi destnictois, 820_ 

consumiition of fan and jet foi 

destructors, 793 

jet forced draught for destructors, 

793 

power, utilisation of, Cobbe Qiniry 

dtstmetor, Liserponl, 810 

r.iisitig icsiilts, Iloi'fdl destuictoi, 

SOS 

Steel, htienglh of, for icinforced con- 
crete, 74 

piprs. 146 

SteiicJi tinp, Csitwiight's, .'iOS 
Slips 111 M'wago piirilicstioM. 577 
SttrilisUmn nf M-w.igc ellliicnl«, CS3 

chlnnnv unii pounds PT, 633 

j;ti(tin/om- proc.ss, 631 

Hermilc process CS| 

Ilf liospit.il >■< wige, 64(1 

ixj.hlori.lc Jirociss, 695 
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-IltKilr* 
- llninl O’ 


sTi: 

i-.r.-jn. 


f.M 

>. 

irn.fJT 


■' — ►■'iliiini for, *'*j 

■ ■ ■ • of, C* f 

— r«l<flnni rt}''tin'Titv f*1 

r.n,llf%r1 W.il., f«| 

lIrT1f.^^ Works 

— Mil Irnli' i 1 Work*, C* I 
?l'nliv»lton of fjoimmitor, O'.' 
Mrtih'rr, Itnrifal] I)r«tniflor C« , <"*? 

^^■^chpl, Maori A Wimrt's 

0’fl«iratimi, €'? 

— Nrnflitlr, 

Strtf nam A 15nnl*ll on «ir lifts ^*1. 


cc 

Siirlin;; •li'lriKior. 517 
Mi'l !»rt »li‘tMliutor, rontinnou* filurv 
fCt 


Mrkr Nrujii-ton I'filni'tor 515 

rTjott < •» lit! IrrjiMtiii’l unntls 4CI 

Mokr «iti Tiftit ilrilnK-t'T. 5f“) 

MoVrVpjUt. 510 

Mono, c>"l of rrni'H*! of eicfrmrnt, 12 

— tlrtini, .".“5 

— over »lr«in«. CJO 
flotitniir I n«-i, caijif* cf I'frakjyo. til 
rlioVasr, 114 

lf*VaS-in. 10« 

'»i!rrii{!litne*i cf, 100 
Storisr lanV, 25 

htomi liUrr, Ilxtliwrll ?cw*;;8 Worii 720 
Stomitratrr, 2(, C7S 

— U’U at ilmninalism So«#a** 
Works 721 

tn-Js Slanclieitor Stwagc Works 


Ilirmingliam, 47 

Lraj’ina *«sr, 40 

tKiiiilo 072 


— CIlMWI’V ic«rfs 42 

— on coiitiiiuoiii filtcra, C*0 

• dilution of, 072 

— — Jiilnl'iituiii on filinrs, 072 

■ and Jrj-niatlicr Mnags roHlion 
bctttetii, OS 

— ^ npi>rirtionmeTil of, J I'nce, 40 

— concriitmtinn of 30 
filtrrs »e«aar »li>i>os3l, 613 

filters for. 670 

— burnt btllast for. 613 
Haiilty Sewage Works, 724 

— - Leeds experiments on treatment 
of, 650 

■ and Local CoYerninent Board, 46, 
782 


-^from park lands, 40 

Storinwater in sewers, 24, 30, 37 

Contmentil practice, 44 

Croydon, 43 

Dresden, 41 


.s i; n 

Monnwalrr, rr»nkfeiit-on*M»in, 45 

in irwers 42 

inlerrrj't^r, J. 1'. Uilemiit, 41 

oTtiJt’iwi, I!r>v«l Coninn«»ion on 

I»i«j-m1.'76S 

— - |tr<M| iiate*l, OSt 
I''>niping, 53 

— <lMtntitT In !«• Ir«ilr-!, 079 

irwi^, llmal Conim««ion on Sew- 

ag- I»c|-K4l, 707 

Uiiki f'f, 079 

■teriliistjon of, 0"5 

— trrainient. rrcomTnrn’Istioni as tn, 

II >T»1 CommiMton on Sr wag" Di^iomI, 
707 

— - raire ar.d itonnwater irj.sritor, 40 

«eir. 46 

Striel.iii n i: . ninfill in sewrrs, 42 
Siraiglil iinoi lettrrrn nitiiliolfs, 25 
Mfrain luiy l«>r.iiiir *rwfr. 17 
Slieims. iiirtxtn n)i-nt of i rlticity of, 192 
Mrr-ri pilli, s <li«taii<-r<a|i,srt of at I,erds 
.'04 

MmiglU of bnrks inaile from destructor 
rlmkrr. 537 

chiiiinri, riample of ralculattons 

of, 554 

concrete, 819 

Warns 519 

iteej Ivr rtitiforreil concrite, 74 

_ _ M-wsfe. Btrmingbsm, 570, Brad- 
ford. 576 . Hanley, 576 . IIu lilersfield, 
576, Koglilcc, 576 . Leuls 576 , fiOn- 
d»n. 576 Manehriter, 576 , Weit 
Hmmwicli. 576 , YardKy, 576 ; York, 
576 

Striking •cntrts for ferro concrete, 76 
Mmls. 109 

Sub dll iMons of land, llo\ al Cuinnii'sitin 
oil Jvu ige I)is|>ail, 769 
Siilnidiiicc tanks ca]>ncit) of, 595 
— coiiitniitiuii of, 596 
>lllrvOll, claj, 2 

diaiiiage, 512 

ot buiblin" Biles 520 

drams, armiiginiint of, 515 

brU'liMuud 529 

depth of, 514 

depth of trenches for, 621 

dinUion of, 516 

distance between, 516 

faihiro of, 523 

fall of. 515 

filling lit trench of, 525 

junctions in, 525 

la) mg, 525 

machines used for, 521 

— lueessity of, 513 

outlets for, 517 

peaty eoil, in, 620 

pipes for, 523 
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SUB 

Subsoil drains, pipes per acre, numbci 
of, 524 

plan of, 5*29 

quality of, 524 

railway embauknients, under. 

520 

— sewers, for, 519 

silt basins, for, 518 

size of pipes foi, 523 

stouea over, 526 

sumps for, 519 

tools used lor, 521 

tree loots in, 529 

under footings, 520 

vermiu lu, 529 

effect of, 2 

gravel, 2 

watei, iiifiuence of, on healtli, 531 

Sugg s up-drauglit ventilatioD. 864 
Suituliiiity of chimney shafts, 854 

land treatment, Roj al Comtnissloii 

on Sewage Disposal, 7C9 

wntep closet under special circum* 

stances, 445 

ur liquor, effect oti sewage works, 

Sumps for subsoil drams, 519 
Supporting joints in lead soil pipes, 141 
Surtaco cutters, fall of, 504 

velocity of streams, 192 

ventilation, 379 

water collection, 501 

channel and sewer, 17 

discharge of, McMath, 41 

lor flushing drams, 490 

from toadt, f>04 

bow collected, 501 

Surplus laud, sowage disposal, 593 
Su«j'viidcd solids, reduction of, 646 

n-nioval of from sewage, 577, 595 

Ruthwell Sewage IVorks, 729 

separatois for, 636 

Sutton (Suiiey), sewage, 576 
Swan neck, 503 
Swaiispa destructor, 809 

ferro-conerete water main, 78 

ttsts on “ Boniia” pipes, 80 

Swccpuig-ejc bend, 86 

lunutions, 87 

pipe, 57 

taj«r junction, 87 

Sykes' access pipes, 87 ; interceptor trap, 
407 , pipe joint, 80, 101 ; screw joint, 
102 , street gully, C09 ; yard gully, 
510 

Syphon drops, P.ocbdale sewers, 21 

trap, 400 

Sypl.ons 85, 145, 183 

I’leld's ptent fluslung,491 

insertiJ, 27 

Sj 'terns of sewerage, 21 

m 
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^PABLE of aieas and Indraulic mean 
depths of egg-shaped seweis (new 
fonii), 224 _ _ 

values of ^,/S, log ,^/S and 

(„ + |‘),230 

velocity and discliarge of cii'ciilar 

severs n'.nmnii /nil, 2')0 

velocity and discliaige of egg shaped 

sewers (old form), 7itninns ^rds full, 
282 

velocity and discharge of egg-shaped 

seweis new fmiii), juniim;; Jrd full, 
302 

velocity and discharge of egg-shaped 

sewers (new form), I'unmng ^rds full, 
29-2 

See also Lisr of Taelfs in fiont of 
book. 

Tame mid Rea Sewage IVotks, 720 
Tanks, storage, 25 

•>— septic, 636. Ste uUo SjtPHC 
Tanks 

settling, 5^5 

■ Dortmund, 506 

Tanning, trade refuse from, 868 
Tap supply of water to Water closet, 
447 

Taper pipes, 85 
Taylors earth closet, 10 
Teinpemtuie requiied for disinfection by 
heat, 549 

Tcuijwrary latrines, 11 

obatructioiis iu pipes, how removed, 

lU 

Test for diains, hydraulic or water, 535 

• peppermint, 636 

pneumatic, 636 

winokc, 530 

Tested stoneware pipes, 83 
Testing drams, 532 

feno-conciete, 76 

Tests of polintioii in River Sevein, 567 
Tests oil “Bonna” pipes at Swansea, 
80 

destructoi-s,Baiigoi,S02 , Bermond- 
sey, 819 ; Birmingham (Montague 
Street), 616; King’s Norton, 8l5; 
Partick, 811, 823 ; Preston, 799 ; 
Tottenham, 613 

Qinhing nt lloinsey, 496 

granite stoneware sanitary pipes, 

86 

Tliaiues ConseiVantj' Boaid, standard of 
piinty, 664 

Thames Vallej' (Lower) sener, rainfall 
>ri. 32 

Thickness of brickwork for cgg-shapcd 
sewer, 118 
pipes, 84 
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lUl'S, ^0, 410 
25 

outfalls, sewage disposal, 58S 

n'er, discliarge of sewage iuto, 583 

valves, 25 ; Rieliaid’s, 418 , 

Cauzcii’s, 418 ; Miinuj'n, 419 

waters, regulation of, Rojal Com* 

lulssion on Sewage Disposal, 745 

sewage in, Itojal CoDimisaioii on 

Sewage Disp-isal, 744 
Tiles, Coekrill-Doulton, 82 

for sewer construction, 82 

Timbering excavated trenches, 109 

tunnels. 111 

Ti|>-uji laiatory basins, 485 
Tilaultc material for closets, 437 
Tools uaed for subsoil drains. 621 
Toowoomba, Queensl.siul, destiuetor, 800 
Top-feed destructors, 783 
Torquay destructor, 812 
Tomcelli, hydraulic iniestigatious, 156 
Totteiiliam destructor, 813 
Tows refuse, calorific salue of, 786 
contents of, 766 

— destruction of, 184. See alsa 
Destuuctors. 

quantity of, m Loudon, 786 

111 the lliJIandi. 786 

ID the north of England, 786 

utilisation of, 784 

Trade effluents, 675, 732. 861 
— — composition of from bleaching 
cotton, 861 

Rojal Commission on Sewage Dis- 
posal on, 732 

— soap works, solids in, 575 

Trade refuse, central authority for. 
Royal Commission utKenage Disposal, 
735 

■ — . composition of, 3 

from dyeing auJ calico printing, 

861 

paper manufictwre, 866 

soap manufacture, 868 

soap, analysis of, 869 
tanning, 868 

Tl • . T. . , . - 


:, and jnges 601—880 in Pol. II. 

UXT 

Traps — eonlinuetl. 

disconnecting, 318, 39S ; examining 
eyes for, 400, flushing of, 899 ; at foot 
of soil pipes, 145 . Hagen's Duplex, 
509, Hellycr's, 400; liydnc, 422; 
intercepting. 356 ; Jennings' double- 
seal, 422, Light's quick Hush, 406; 
“ Lo"o ” interceptor, 407 . Low e's, 506 ; 
Lynde's deflector trap, 410 , Mason’s, 


Tra.19, J..1 ./well, stages in sewage pun- 
fieation, 578 

hydrolysing tank, 638 

1 Uttley, 17 

TrratmeiiC, clioice of method of, Royal 
Coniiuission on Sewage Disposal, 7 d 9 
Tree roots in subsml drains, 529 


— Dowes-siuu. 4^0 , Lmuilon s, 425 , 
JentiiDgs’, 425 
Trough urinals, 459 
Tiowbralge Sewage Works, C43 
Tub-feed destiuetor, lloisfall, 791 
Tubajsiero, 9 
Tubs, Nottingham, 9 

Hocbdsle, 9 

Turned and bored joints, 140 
Turner & Crocker's gully, 667 
Tnyford latrine, 428 
Twyfoids syphon cistern, 451 ; urinils, 
458 , nrmal fluslnng tank, 471 , water 
closets, 431, 433*435 
Tylor’s cisteni %ahe, 449 , hospital 
closet, 437, slop sink, 475,uiiiial, 
463, raise clo<^t, 430, waste pre- 
venter, 454 

Tyudale asiJiyxiator, 541 
juiut, 95 

T\ne 5lonk Urbiii District Council r. 
Reg , 16 

Typhoid ferer in relation to excrement.il 
remoral, 14 


Transtmssioii of air at Soutlumpton 
Sewage IVorks, 697 

Traps, 87, 393 ; Adams' inspection, 407 , 
Anti D, 421 ; Hell, 420 , Duchan's, 400, 
BeancliS' syphon, 406 , Rowen, 422; 
cast iron Jiscouiiectiug, 408 ; Cerus, 
406; cleansing, 116, Dean's, 509; 


TTLVA, Delfast Loch, 874 
^ UndetdraiDing filtration farms, 605 

iingatiim faniis, 599 

— Notiiogham Sewage Farm, 
COS 

Underground unuals, 464 
Underluv's waste rreveoter, 453 
Untnppuig of gulliea, 511 
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UPW 

Upward filtration, sewage disposal, 597 
Urinals, 424 

Adams’, 458, 463 

Lasin. 461, 462, 466 

Bedford basin, 463 

Holding’s circular pedestal, 469 

cliannels for, 460 

classes of, 456 

Doulton’a circular-baclccd, 458 

fiusliing tants for, 471, 473 

general lemarks o», 456 

in laiigcs, 45S 

j'Osition of, 424 

stall, 457 

Stoke Newington report on under- 
ground, 464 

Tw^ford’a, 459 

Tylor’s basiu, 463 

underground, 464 

and lavatory fitments, 456 

Uunettes, 470 

Use of disinfectants, 544 

tall house chimney shafts foi sewer 
ventilation. 381 

— tall chimney shafts for sewervenUla- 
tion, 880 

UtilbatioQ of destructor hy-products at 
Ealing, 798 

clinker from destructors, 833 

— spare heat m destiuctors, 820 
■— steam at destructors. 838 

— steam pow er, CohW Quarry destruc- 
tor, Liverpool, 810 

——town relusi', 781 
— - waste heat at Southampton, 826 


V-SHAPED flume, right-angled cross- 
' section, 225 

gauge, 189 

Valve closet, 430 
Valve gear for contact heds, 618 
Valveless closets, 431 
Valves tor baths, 482 

Jennings' Duplex, 482 

and flushing cisterns, 450 

sluice, 26 

tidal, 25 

under water closet seats^ 447 

und Water >»aste preventers, 447 

Variation of flaw, separate system, 

in rate of pumping, 53 

Velocities, marimuio, 49 

and discharge of pipes, etc, 250 

'■ ■■— minimum, 48 
Velocity of approach, 179 

diagram, Adams’, 498 

— in ventilating shafts, 353 
Vena contractj, 178 


WAR 

Ventilatin" hath and sink wastes, 365 

— - braiidi soil pipe, 435 

intercepting traps, 401 

manhole covers, 351 

sliafts, formula for, 354 

air currents in, 374 

soil pipes, 143 

Ventilation, breaking up long lengths of 
sewers for, 350 

conis for, 362 

of combined drainage, 356 

of diain between sew'er ami trap, 

378 

of drains of enclosed blocks of build- 
ings, 366 

iindei buildings, 367 

— - high shafts for, 368 

house drains, 357, 382 

means of, 350 

— ~ outside gullies for, 365 

— public conveniences (undergroiiud), 
867 

— Sir Robert Rawlinson on, 347 
— - Reeves’ sj stem of, 393 

— — — at LeitI), 396 

— of sewers at Grimsby, Whjatt, 875 

— — law ns to, 376 

at Leicester, 371, 875 

— Dr. Louis Parkes, 343 

— shalts, 362 

Ventilation shafts, expeiiments ou con- 
dition iu. 387, 388 

— experiments on loss of temperature 
in. 886 

pipes for, 354 _ 

- — rust chambers in, 853 

— pockets in, 855 

velocity ill, 353 

Sone & Ault system of, 339 

simple methods of, 352 

soil pipe, 358 ' 

special methods of, 363 

trap of bath, 463 

and tr.ips, 346 

up-draiiglit, Sugg's, 864 

vaivts, 354 

water closets, 368, 424 

Veutilators, aueinonieter tests on, 373 
Venturi, wetted peiimcter, 158 
Vermin jn subsoil drains, 629 
Vertical soil pipes, 141 
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